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IlfHODUCTIOS 
0»t ®f the ®li.««t aai mm% a@e«pt«i •gi'@»0*le 
ooa®epti is tliftt plaat §mwt% m mtmm'iJ toils ii $xemtlj 
hemmfitei %f eijplieati0«« ®f ii«e. lesflt® tlt« eottifta r«e®g« 
alti#tt of tl« ®f.f»#ts fro* Itaiag m&M soil®, 
ie littl# agre««iit &m't© tfe® relatlv® i«f#*t®ii©® mt tfe® fae-
t0r» r®8p0asi%l# f&w thmwm %«aefiei«l eff##tg m HM&m&t 
mils ami with vsriams emp plaats. Iiasroms iavettigatora 
li&T« ®ttril«t«t thm mtatimly y®ar grswtli @f flants m &&ii 
soils t@ «©¥©iral fastart,, iirmt mmiiitj «ff©©ta, 
l0w eslelTO statms, Isw e«.l.^iw &3t Ims® satmimtioB., iiili%t-» 
tioB @f 'beB«fiolal »l©f®toi0l®gi®»l a©tiTiti®#, fi3cati©B ®f 
p.li08plt®ras i» waavsiMlil.® ftHBi,. 'sma t©x:i#itj trm ia©r#s»®i 
salolsilit^ 0f ir®a» alamiawi ami aaaiaaes®. 
Jaegi3B®8, mm & sr® ®®iifiii«r«i to ®fl:|)«®ially 
%«B«flt®ft If liming. l0weT«r.» it i« feaeral'^ reeogiaiir®# tlat 
Tari©as Itgames iiff®r gTmtlw i« their •shility to. tolerst® 
»©ia 8®il eoniitiesB. fhls %«li®f is «® pr«val®at ttet l®fii«©8 
are eoaraoal^ elaieifiei, sgroiwmisally* a®c#rtini t® their s®a-
sitiTity ©r t®ler»ne« to ®®il aeiiity# l®®alts froii prslimi-
nai^ iavtetigatioa®, ®t»%iBg: the growth ©f mri®m® l«fw®® 
mier aeii soil eoniitions,, iaaiemttfl thai solahl® *»Hfss®s® 
*JlgM m factor %M gr©wt& ©f 
m m-r%»lm aeid lolls-. 
f-fe© ©f %•&$.« lfrt««t.4g»tt:«- w«» t# the 
•F©1.« @f• tsjwrisn# • t» 
fte® gf@wl& ©f l,©ga6i#« acid g®il conditions. Sjapple-*.' 
ffl«ii.tliiS •a -^siiriifel©- %©• t-lie 
®f smmwml' Im^mew %m mm^nmmm. mm m 
p#g«4iil# ©^liwation tmt their grswtli m meia. • 
»©«• •%:& tfcii ©f' v«3?fi»g «©»e®atra%i©»» 
®f imtrlti*# mm %Ms tmlemmm of %® 
soltflMe aas i^i®#©. 
^11* m hiTTmrum 
a« m F»ii%©f ^frnmirng Wlmt Qromth m ioil,ti, 
T'toe naagaaii-g# Xm «. r#e«i»t. 
'Sii#!.! -ClO), i» 1902, a@t-ti %m% Irn^mm 
IjF ©s «®ia »®13.. «M@to €m%m%meM e©B#t4#-r*l(ie amouRts ®f watei? -^
®©l«ibl# fm%«r «xtraetg &t %m3 soil eontairsed 
«^p-r©iEiwt«l|f^ %wl#© ,M «»ii^TOa« «:« calcium» lw#il W-
llwi€ tms Msh ©f *iwgai3©se in the soluble 
a«3.t«. 0f tlHi 8®11 l«i^«ly t© At® sterility. 
«iig«0te i3f) » is ^pliei »««««»««€ to rice p^fiy 
•tolls mt a yat« of SO- p:QwmAM prnw mw&m For two years m ifi-
e2»e««« in ilit ri'©e yS.#Xi' wa.« ©iital»ffd t^l».%lien a decr#««« in 
yield iftasiNt tlii aumf«»©:«« was supplied «« %im 
m eblorid# appli©8it4,o»« of fflsiigausi® carbonatt «pp«r« 
eBt,ly feaa ®@ r«iii«tl©n is f tmlA %m mm ©f 
mm^mmme #l*l®i»id# -inlfa*# ««« %& be in® t# th© 
attdity @f %-MBe pl®t« m« ®«»p»red t# t^' «&e«t @r 
Kajfaii®#©, ©at%€^at« plot-#, mwmmr, it t« sor# likely 
t:l» i^ ditlcfflal soluble asBgan*## say Mv© "IIb® lojyriowfl 
fmtm mtpmrnrnim for poor growth imt^r tA- noil 
stidity* 
R€i& CSl) # in and Me&rgtte i5§), is 
19231, wsriEiiig al®»s lii5«is, fotiisi ttet aftsii,-
tf.i,©ii.s ©f ##lufel® $0 a#id «.®11b yi:#J.€« of 
enoii €r®p® «® wlaeati, xy®, ear©., potato©®,-
amd -ttoyteeiis*, hIpii «oii« mmm llxmA %© tijproie-
iffiitt# , »a®g^«ii# wan fowni fee t© ail. 
tHii ato®ve fr®pii Wv&M ' 1A.«- wark ]l®;&yga# #«» 
®lwa#i ®aR®m«e«« »i^  to« ©a# ©f tli© ©««»©« @f 
tO'jElei.ty in atisia' 
i:®l.i«3r Cag, a7.t ts) iafeslifa-tti %'iie p®®y of 
piii»appl®» sn "'felmeM ®f Hawaii ajifl @®B«l:ia€ea ttet the 
y»lativ©3.|f Mgii natigtiB®#® ^one'eatfa-tidii ©f tilths# #©tl« was %lm 
injari.©**® fs#%©r y®;^ ©n«itei« f®y tl»® p-mw fi®- ••feissi." 
aoiia'*- w«re f©ijiii4 t©- l#»s asii %'tim. %te« ©©wal, 
and ©r fertilistr %Tmm%mm%m iii. »©t #ff#etl^ #ly mteTemm 
to plii««ppl#«, 
datferlis and G©toe«. {16) f©sti^  ti»t «©1X •©» whXmU grM® awi 
barley failed to gf»©w ©©ntaiiiM » weto teigiiei* of 
»«i!:gw#-®« tlwii! p#itrlf mix «ttpf©fti»g go©i^  ©r©p, gr©wt&.. Botto 
«oi3.« mrm mmtml i» f««©t4«, I® irl«w of tlie present it«©wl» 
e^g# of tim iosoiiiMllty ©f »a»g«ii®#e »t a pB vsilw# 
teg B#«tfallty tMr® i» t©»# AsaM %im% t©iEt©lty ia ttots m§» 
wag d-ti« to aaisgan###,. 
Jaeofegon and l^ aijbaefe. CfS.) r«p0i»t«i tl»t aan^an®## t©x«» 
ieity mm r«,ipofi.«lM€ for tJte stunted itnd eML©r©tt® growtht of 
• tQfeaee© m eertaia mil QQ-mmmtimt B&ilBm Tbe:f %a«#i tfealr 
00s©liisl©ii0 #s tht relatlTt-lf Mgfe "aetiT®*'' saafaae## ia tfe® 
soil, the ©xtres^ly felgli mntemt &f the pl&mt,. aafi 
tie id«ntl-@al toxieit;r ®bt»in«i whtm tolia@eo was 
gr®TO in ailate ®saga«©sfi s^latlemi. Bertn©!* (i), •mtiBg m- ' 
sentially tMe ssae is stuii-iai th® pr©l>l« ss JsooisQH 
, ani Sw»iil»a®lc, al«o eoaelni#! po.03r growtfe of Tmrkiek toljae-
eo oa aeiA i:«]at»©lqr 80II.® wat im«'t0 stlail# 
f&Therr^ {40) 0te«©rf«« tlat 'ibeaas ifeowlag ®«ver'e toxicity 
lymptoas ooatainet m&r» than twica tbe laangaMes® ©oatent of 
nomal plaata^. lppll©atios @f lt»« to th# soil m wki^ the 
afeii0iBal plsBte were growimg ft sal te a in mm&l plant. growth 
ami grtatlj reium-i'tke aamgaufi® senteat ®f th® plaats#. 
felt aM leintze fl8| f^aai tliat p^tstae®, sai&r teaats, 
latt-me® ami tola &xhiMtiag ttxieity syaptam® ®®ataitt®4 aaek 
higliair ©oaaaatratioaa of maagaaas® thaa m&rmml plaata growlmg 
ia the i«eiia.te Tieiaity of tht steomal plants*• Aaalysas of 
tl«' soils ©a whieli tl® pmr plsats war# grtwiag thowai that 
tbey eontaiaai aior# axahang©afela- maagaaas® tliaa the ®-i|a©eat 
aoil 0a wliieh plant growth was aomal# 
Wallaea,.lawitt aafl ft^holas ( B f j ,  ia msmimimg erop fail-
®r®a, staiiei Tiamal ifffiptosie ©a plants ia th® fitli fuad ia 
eaai oaltmras aai eoaelHiai that toxieitj tyapt&ffis la the fiali 
war© a«« to axeas® aaagaaes® rather thaa to a laok of ©aleiaa. 
.•6-
Soltttol® Ummj^mmm tm Soils 
Oalf' » f«w wmm%e€ #f suppose 
^i!«g« t'®«i#ity mmm'lmg m m%mw %lmm ft©ia 
«®U« ili, t%K f««i.i# r#«411y j^splained, at! tte solu» 
him aiiF«l«iit f&m ©f »a»gafi«»« %« oxiii««a to an insoiuM# 
fow aei»0M«' pi ^approaching 
increa»iTjg the s^oidity m 
»©i®pat«3ty «ei€ -toil, aigbt to# #icpect#i i© increase th« e©ii-^  
•e«i0triiti@o of #©iwtoi# i» %m% «®il,* 
Iwermi# investigation# Jtet# reported Winer# 
#atic8a.« #f sieii;-f@wif»s •f©-rtiliitr« sfrer ft period of ,y«»r« 
Im-r® iNB8ult«4 1® gf««tly erop. fi«is# a« o<Mp«r#i t# 
%!!«• yi#lts obtaifi#4 with or ba«ie fertiliser#, 
tiff®i*(i»ti«l ©f tisit »igM be ©iipl«ip'®i,,, i®-. 
•«® Sit % til# in®r«»«i gencentpatioi} 
W® »iiagiiii®«© i» tite m@ia»fowioi f#rtiMi» 
®r«.. Fsi»@lies« .(It) ^r«p«rt#i ttet appliemtio»«, @f «@it»fi)»«iRg 
pitr@g«»©»# .fertili'8«r« t© 4iab«iit soils mer « p©ri@a ©f y#»rs 
r®«lt#« i» ^atly pmw&M. plant ^iie®iit.|«ti'0«-e of 
wm%mT -^mluhl<$ mmmmmmm a# 'ttgh m p,p..a. C'#©il -^a«i«) mm 
fii«i i» iwit#r •#xtipafft«- -of mll» mmlwlmB appli^ ati'^ s ©f • 
mm%m Ariei ©f a«al. mm 
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a 9 Ml' 
i ^ 
S 
SBftii®® «5.1 ite wmter-soluMe oji^nsanese ®<ii}##»tir«il« 
of m%.M^ W» «,l» f©h^' -IMt • ir®wiag to full 
» © » * « - f X ^ - n t s  g r o w l c s  i »  
f M tn# is St- 3L«a8t, tl» • svallftfel# 
*©1X »iiiism^««© at t.tot Mgtoitr 
lmti» C3i) gfti^iei tiit #ff#iit« ©f «pplieatlo»« ©f 
9lm at»A #aipte«st#« m %wm- €«a«i«l «»i 
fswai; ttet etttoe-r -wa# vetf effective .|.» f"«iii«iiig t&i wm%m-
sO'Xw^le »«§««»## tm tfe^-s® Other 4»v«sttfiit#» CS, 11, 
gf) wlfb c??loiuB? c^rbon-si# « 
«®11*,. '9Mmm m0. Wmiimoto (50) found that « #©11 
»«il@ii l-ow®ri»t tlw #©11 l..0sp«f«t»i*e sua 
wafigftTO## »!«©•«% «« %« appli©«t4@f!« -©f €flletuB» 
%plt.eatl,©a-« @f f«rtilt»-F have heen 
t© !»• %e plant® gr®*4ns 0»"«»41-ii eontalfilBS t#3dl® 
®f :»ls[Me »«sgw«e C5« M) bill »# data. te%ir« be#is 
r©p©rt-«a t© that %im beneficial mmm. Int. t@ a a«-
©»a»» in t'he solubility #f th® soil 
^TO©b.8« m m  m r n m r n m .  ( M J  • imM t'l^ t tt» mmm» 
fan#.®® ®#»»iiti*mtlofi »f #oil mw d«er©a®«i If 
f^l»iip-lK»Fi4» Mt wmB »©% nitfe ?».r!other «#il, flw 
©f tM 'tlmst# gmwims m phopphoru# tF®a%:«i 
»#il« wmw higter %m holh mmB ^hm ttet toun^ tm plant t fitm. 
%hB wBtF#at«a: soilt. 
•-%© IT) iivalcmt mmrngmmm im m% pwm* 
e%pl%m%e  ^ m pmrn^mtrn mt m r«aetlo!S. ®f pH S.T6 ©r 
iHgtoef. m %M» mrnemtm tter® S.« mm llteXj %®  ^
t@3il# e®Be«iitra%4-©»« @f »a»,sa««8« prmmmt in «€>H« 
wltli p®g#ll33.e- th&m€^we 
«ff®ets a« ^ f i«rr® a»i, i#i) 
i« tlie reia#ti« ®f alMilmiSB t@3ri#i.% fa^s'fy i^plieatlcoia ©f 
pi»8ptet« woyW 'not i^ p«mr pr©i»«M© to ttee mmm ®f »aisgw«f(® 
toxleitf. 
B^iative Tolerance @f ?!«»%. ip®ei«i 
to Soluble WMmgtmmm 
hl%hm§h Rwi«F®»« tef« "bmm r®poFt«i' ©f aanga-
»«8« toxleity to iTftflowf pla»t little i,« feon® a« %© 
tlii: «QBp)iratlif« tol«raB®e of frnrtmm plant® to iioltttol© ^moga-
-f'lil-s i« e-«|>#®i«lly trite' 1® rmgmvi. t© legwa#®* K®11<^ 
, i» a tJiorowglfe st^f of-pliwit growtlfe €W! tlie 
soils ©f Wmmll., foui»& tl»t wmrlms flanti aifferei gr«t.tl|r in 
tlieir ftteiltty t® lolls, tooisg %im aw[«l®g»«# 
grow., p.lii«i^.l®« sM'#otra w#f# fl.«tlfilt#ly i»3«i»ei 
€©fii3it« touislty •f^toim wMl« eottora,.. |>©tat©®f, emtebag# «ii« 
twriiipii. wmwe -not arf®et«a, Leswes «xMMt®a a wld® rwif® in 
tbe of toleriMi©© to toxioityi •erotalaria mm 
root aff®®t^,| p#<sRmt« ana feean# mvm rno^mmtml^ 
tivef omA eo*p©as mem wmy mmmi%%-we^ 
-10-
(15! • w%%U mmttrnn mw9w%^ 
m utaiiatr #r #rep»i eswp«ft#, 
p«««, #®m f#®rtr *«g*»e«« 
ifMl« •#*%•«'» wteat ana t©fea»@©^ wmre »#t 
flik <»Bl|" mitlis-lm ®t fitoi## inv««tig«tio»« %« ttet 
&%lmT •faetoi*# «8«% mm ftoeaptesit#' my tev# 
W%mm% m %»»»« .#®il« • mm€ 1mm f m the iif• 
feiwsliRl.. sit&mh @r '%m mrlrn* fte total aisovrt'l® ®f 
a«»gaii«'«® In tlB«« «©41«- wmm 0,mm towt »o .iats mpplt^ 
mm %& astwml «.©Be«»%»t4fflS. ©f «@l«fel.« pr®««®% is 
tie «©S1, 
mmm 01»«» (39) t@si«ity ©f »«•-
t® Yarioua plant :^ eoi©s: tr> cultu» solutions *Rt f#iwi 
that mm9 «p®el«« iLCTiim «»dl 
w«i* iiajui^  % #f »«iigifcii«» us low m 0»5 p.p.a* 
«M1® «©». wm miy wimm t.l» mm^mt^ m QmemtrmtXm. 
mmm mlw  ^ t® €t.5 It "%m mf tn s#t« tMt. ti» 
»i®iii» #r »iisa«©®e iBjuiy, 0.5 
mm ^ the-
CfO) f#a? itla«lit« . 
«t SwaRto«ieJt Ctl,, gfj g»* tolsa©## %m 
®f «siigtteg# MmlMm mwf * 
i»g fwm: 0 t# IS Tojtteitj tmmA t# mmr at «cm* 
mm%m%lmw ^Im 1*,0 f #p,.«. mmm'^mm i§) 
iirr^ 1^11 
His® tJtet *M tojiiwi % « ©f 
if p#p..»* mmm§m9m *b«tt grow iS'Cultujp© solutions. • 
l«y i#) ti&t ^.r©*i*«t«'ly«««»»«#« i«'»«--
ti^®«t w&lutlonm mmMm srmtU ®f •, F#a» iwi« a©i?# 
»«i&«iti*#-ta mam$,mmme tlmn fesrl®!-,,.. .&ills«i»t-
m ^ -pmv ®«8t m&wrnrnm tm yMM .@f F«« wi»» 
t&® «®®«»®timtii» #f is tM iMi%ri#»t goltttiou *»# 
raiii^ fycw 1 t# f 
.®0pti»-«, #t ilP«w t«'ftto««,. feea»« pirse^pfl## 
%n ml%mm «®latioi5g fmmA t'i«t tl«®y aiff«j*«a «ipiifi#a»t-
ty %M. t^if» %.i»lmTmm *© •' tiaeapples w#f« 
s©«t liit«w€diat@j,. aiiA ilie«t©e» aoat iNii}«itiir« 
t© t®iEl®ity,. 
THe Effeet of the Concentration of QWfcjfetr nutritive Elesoutfi on Majsganes® Toxicity 
@f %m mfewfiptioR of nutrltlrm %mm If • 
plwt wm%m iis4i#&t««. t-tet thi 
% plant i «ottl« fe# €et#wln#« .iRfs®!!-  ^til© r«latlT® #««#»-, 
tfmiioe of amiinfel© to- *# to tie 
total ©©Re#»t.j«ti©ii or mh»T  ^ work of *eOool (331 •# 
mrntwim Cf) »»« ®tl»» thi# toncluslon, fiey fo*rt 
tUst %im ®f s«ft«#««iy for imimwf' 
• fiiaitf mm ^«%«r %m mmtiptmt «ol«tiott« eoatmlHiBg * 
•It-
rtf -i-nXt-g %mm %m » »#!?«• 
dilaffe# «M • in* CiS» Sf) 
tew re<5ue«i toxicity twm ^ 
%&»• %m ealtey# i^pass It) 
m tM mttmt tei?<i found tfmt mm^mmm if** 
If a Mi& #e«j#«iatratlon of 
f# #©il« 
mmm^m mf mmm:^mm .mmm beweflelal to plmt .gt^wtJfe us-. 
«Of€liif t@^ iZT) «si W&T%mr i3)* m^m^w sit#- oMaluM 
-ifitli ^©teaceo groiw %m ml%wm s®ltttioii,i *itfc 
' «®d' (34) aiad, Jacot>«or! aad. 
Ctg) «ff»et m frm 
ftos^ lro» aiai 'hmi,mm i» plmntm 
lm« lNi#ii i»iw»- fm % -toisfM-tsfatt® or ttmm^ 
(#5 ttet additlQiJS of f#yrt# eiilorid# t© #w3.%ttr« 
%lm§- of mtm f»» 
wwg«iMSi« ttxleity, Pugllefi® (45) g^* ««ials its eialtur© #0-
Iwtlopi to whioii «ei*e added varying imoiwRts of ferrous «iil.f®tr# 
•<»i aaB§a«®#® foiipd: tint eoBenfitratioB® of »aftgaii««« 
ifltrftt# ftei 50 w«r® d«tri»®fitAl without %wm 
rn^m $S twm fo to ISO p.*f*«• fmmrn* 
«»« ^t«d» It .©oii#Si^^ .ti»t is presence of iroit p3L«»t# 
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TM «*iwi m mmm%m mmnmm 
won z»a3M T0 vmime wmms m -mmwrn 
IlltFOiuCtiOfl 
timm t€ littl« infoyroatic^ «« t# 
0f «®laM« tte"t #«m0# Imimwy t® v«ri©*i« 
mml%* #f aifferetst 
m» %m iteii tol^ vmm of ^mrkmw- t© »«»sai5®iie 
*mM  ^ %m "w%m &f tht fm% %M.% no m** 
pyoeMif*#. i« follow^, aiat fmrlmhlm ©ttoftip tteai» 
®r Bwragsw### ii#iM aafc® any reliable eoncluslou# 
it if, elearlf mmm differ »o aarlE^ilf 
i» t^iF ftMlltf t© ^#w »#11 acid soil corjdlti©»i., 
1»1P« tlRt ttiffererjees in e^ileiuffl r«»-
©f l«siia#« #!•• $0 #©lMfele ttlwreimai mm 
fm ti» ,gr©wtfc» 
•fltee- ©fe|#ctiv#.» @f %b©-#» ©^«yiM©ii%^» ««r« *» 
t) tfc» »»gif ®f awgaa##® eone®«trmtlo»# 
tit mlturm «ol«tl^ « «t iflA«b '%& growth #f l#gw®« 
,1® ©Malati, 
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£l •M' fel 
# 
i S iM p 
«»' te 
iM «#a.«itl««# All i»iilt*iret w«,r«. 
«ritt-#d r®r tw® IS^wiwt® t»rl©4« #s#te i-if twrtpg fr®wi»§ 
perloA. Ti^ataTOtt w®i»- ra^A^laei ia t^plet# tel#©k8 sni 
iNiratsA^li^ «% iwftklf l»t*wal# do:j?4»g t-ttt Tta» 
fS mlmm of w»# wftlntaltiM m% 4»6 
If mmmmmm'tf wltto #ltia®F «»ilfnri# aeM or «©iliMi 
?te-«pter»» *#r® ®»i# fremmmt tet 
ii! ©lily ©n® €a«e wa» t.&e low«r«a «#re 
ttei 10 f®r ©»»% ©r ®«aa®M. t@ nm-mS'&Xtmte of ptei-
tm "lwata«rat# #r fi*« ^mmem%T&%Xm9 
©f faff is® from 0,1 to 10 f mmmmpt Im %W 
oloirw t,h© toigte®«t 'wmtm of mmgmm-m . 
WM Ostm m,» In tm 
#or1be«®, t^ip«ii.,|^ -iwe^t #lo»ifF #*p«rlwiw%», t# #f-. 
f»et Of »ii|.iita.l»l»g a %#rog#®»l«B so»o««tr«tio« -of pH -i-^ O ©« 
tte® frontte of w«r« 'refllofttM thr®# 
III %lm p-eaaat, «w##t mtmm 
«»« twie# t» "Sat ©t^r- g«a®ral irt®« of th«-
%m *11 g(ol»tt«s is 
SX'^m lo fig, 1., , 
f^ltaiml prooMar# 
f*©- #tral.Es of K&rmmm le i^^ -eai'it-ga,. 
Gentrel view of ci^ ltBr© tolatioB ©rrperr-ti^ s» 
£« urov*'th of It. efiezr! in culture eolDtione of 
different rrpptnnove eoiioentration. strfilK 
Pt loft end etrfilB L6 et r'ipht in euch eon.talincre 
1. 0 , 1  - p r m  I,. 10.0 ppw !f:K 
US mm »•»«« to m»m. rnwmmm l«i 
©Maia^ %m% %£ mw «©.» timm. 
L3f. tte«« mmm wmm gwmm S« ©^tate-
#r* lF« «»•.  ^plae-iiis pisait# ait & meprnrmrn 
mwkmm ©r pmrn ®f I lir©» a# 
frnTtrlm %mr%ri^ %e tm a 6-hour period- *e«k. 
w#r® «teaset out# « to«p«-4©sm ii«r« %r«»«-«. 
f«rt*©« -1# tat «ult«r# m *af- li., 19%T afsd 
'im« 17, IWf'* TM mmmtrnw mt r@l«t-iwly eool and el^aif 
Ssir-i.»g t-lie gF0Wtes ptriot. 
•Se>y^l>«itg naa «f Rleblai^. 
mrlmtf «^|»#aii« «»i @f wmm ^mm 
ill. ©atih, emtmlnmr t» tills Zrm wmm tf 
plm@im:g t^ ' %m m «rl.«« ©f 
1 p»p.«s, %wm MM f«rrle -tiirt-rat-«» tm- mm -^-liowr |j®rti*l mmU 
-meu 4mrlfig -ttoe .rir«-t %wq w««M# ©f %m- Irm wmm 
twl#© a. aorliig t-to®- l»lf ©f -tli« ••Jip-e-rl-. 
mm% mmum- ®f ta©- rapia grmtM mf tm so3.«tioii« 
w«r® ©»#« s far t-fte first %m w#ek« %tmm 
mm mmmff- fit# €ay# f#r r©®mlM»r @f %m ®^®ri»ent,» 
flm%m Iter® twaifer t^t %o culture solution® «. .#«©# it, 
.19%T ftiid ii, I9¥r, mymrn rnrntf lLmmm vmm 
isi^s w®r® trm »r« C. F» legHgareh 
?r@f©ti##r ef Fsktm Or<^«, Xowa Agricultural Fxperlment Statipa* 
i 
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^  I  
s a 
I  I  
sa»gaii«t« :mt%h mM eol0r4*«%-
ri«al.ly-, ?i®^taor«« mm d©teiwi««4 colorlmetrloaXly ty the 
4^.)» mt# t.tos 
tltipmt®# watte. .p#%aifiiu-ff Irmm. wmm 
&m%mm%m'e& ^ tb«' 
®«tl03A 
S»TOl%« ««i: 
lj>ep:ga#«a eaEpgriffigut . 
%m9 «»« Tm%9 fwiw i» mltum #olw-
0f ira^l«i @1" ®«iig#a©»:® mm 1» fitlslt 
1, l«Fll®a, %©3Ei@i%f *lt.S ». ;@©B«f[if«.%4.©» #f i»0 f 
«» wsBgaii##®'with both #*^ain8 ©f fl» 
iiitM S 9aa®^-«® to wm ^,lf 3? p«# -©f 
ttot with 0,i p p.a,- •»»»$»«»••, lelatif'# of piantg i® 
tl» Idw »«#. tt:Sh tepeentrsti^#-' »re %m fl®* t# 
if»ai«"l»3f ««# mmm wmmely tojawa ^ »»§»»#« «t»i® 
1<6 'a-# l3f tte f^iatlv® fgr#wt^ wmm 
t,|.0it«i t© pr©«%l:, showteg »# #th«-r t^hUR- «• 
Ai«e®loratl0n m% Mghtr #-@»ee!itr3%ti0iw» 
ffpleml !.«»*•# mi. w%mlm tS trm #a«li mm 
i® flg» 3,: Plmiit* ®p©« i« ehe-ek (o.x to) 
««i^ ©©mal i» mrt sfNWt^ 'tm» 
i#ity ©f iarfc.^ l^itf ts 
Eli-<©W\00 
••tri * • * * 




















I  §  

































g S I  e  
i  a  1 1 1  
I  
I  
I  I  
m 
€ 





I  «s 
I 
i g* 




















I  .  



































o •#» D 
r-4 to o 
« «B 
l l  








t •& P* 




































N 8PS:? f~4 
*-4 
cd 








»* *« «• 
t C 6 
^ *4 «r< (0 •*» 





f i !  
• Q <30t^VO 
» m Hio\\o © • # • • ® ® M f-i O O 
•« 0| ** ** ** 
*1^1 
« TOCOO^ B tnjftCi to • • • • 
o  ooo 
«« #* «• •« »« 
® cj ococo 
covo^t KN 
o o o o 
»» *• «* '#• »» 
HlOiTiO 













<f» #• •« #• •* 
OCMO tvi o 
#-4 





cyo^o^ tjrM*M«P^€U 1-4 
« • p • • poooo  
«• •-« •• •• •'«' d#: 
'unco in 00 lo 
ey rHHio o 
• • « • * 
ooooo 
•« «« •« «« t« «• 
r-4 LO I^N ON 
CM CViH HI o 
« « « • • OOOOO 




Table 2, fhe effect of sanganese coneentrat lor in mltmm 
solutions on sang'^nese, eRl<jiuffi, and iron content of l««p«a#aii 
• Flafi ei»posl.iidi''''ite8g} "" 
»®Bt tmm ir.j ' • i 
wura- *solti- t 
hmr t%lm :r tfe t W9~i'm» ' mm sL# t m.® 
" ppa ppa PP» ^ f % pp® pp® ppffl 
i s 





t 1.0 ; 608 : 530 i 570 
'# # •0.96 il.l3 :1.04 1172 lm$ t " t J • # 











1 A 5.0 ! 2941 '*2675 !2913 ;iao 
^ •* • • f 
:1.29 :1.18 {225 t33t f t f73 
S ' 
s 
f 10.0 :6000 :3750 :5100 :1-10 il.33 :1.19 J 216 b©® 
t 
t 
swgais-#-##, mA irws «»«%««# of tootfe of 
^mm' Sm mil aim gi*#R in tmhlm S, 
mms W Isollt %m «©Be«:ii|i»ati©fflt in t&t 
plant li#ing p^^oipti#®*! *# t.i^ -iwoaat. #f aangiwew im 
» o  f t p p i * # ® l » l i 3 . «  € i f m m  t m m -  i » '  % m  » s » g » - .  
mmm eontentt: of tte tw@: «traia« mmmp% m. Mgleit ,»«isgait#ii« 
l«*#l wmm rn-mmtmlmm m rnwm Wkglmr 
mmm aa^#»t«a app.ai^»tly ^ m#i«a«iiig %te« ««©#iitni-
ti,« #f aanganea# i« t]^- n«tri««t solatio®-* fhl«, tewtwir,, angr 
h9 wore ttes mml, pyotefely 'te«i»g in# to %'!» iwl*tl^®'ly 
Mgh »#& .©•ont«»t of poor,; #l«w gf^ing plwit# «« e=c^«f»©« %© 
ttet of "figofouslf sro-wi»i pla®t«, %rai« #©»t.ai&,.. 
•#« »oip« @ttlci«o %mm tS in mil #^««ially im '©wl-
^ md 5. ^ st-min L39 wa« Hi#® fo^nt t© #ont«in taigter 
mmm%» #r • %m tw© mm gyown In «oll. 
tl» relatively better strain lA.%imm 
gtiwiii te a«M mM» »sf be .attributed, at least i® 
t# !.%•# i*»«a$«r tsleywi®© t# »mRt««se and ts Itt lewty 
tmalitemrnm tmr If*®® «@iit«8ts #f both gtr»lB« were 
tewt • th# m* t#wari a, togtoer 
m irm tmmm-ma emmwrnrntimm -©f'ffla»gftf}«s« iti s©l«ti€®, 
tmml Irm 0:mtm% &t tht. flApt-# tiiai#at«« tmt 
irm. wmt t'l» plant# tm m&wm*l ,gr®iftia. 
Swbeftn »tid 
mmgmnem an«l calcium Gont#B%« of 8oyb®«B« .rafl #OTr-
fr@w» In ewltur# «oi,at4#«« @f mxying iia»sa.«eg« 
%lmt mm $lmm i« 3» 0xmh$%e& 
toxiclfj. «j®pt©»8 m%- mm0mmm0 mmmtrB,tl&n» ma Im m» 2,5 
;»• it wm-.mly •«% tte M§Me$ mmgmmm 10 %tet 
m-m&rke& Smemmm m gr©«t&-^ewlted., yi«M# ifiti««t« 
tl»t »peei«« .»«r# mttmt«A s^pr&mmrnm^ im ••«««« ««gr«® 
i«€r€ft#iiig l©tA l#^#f afpemr. 
#«, tQ ^ »®r© ##'rer#l3r «ort»g enr^ gmwtu, 
l#e«i8g mmm r«»l#tt»t %& mnm&mem witfe 
as#, mi»pmm «»i sr©wlwg 1» «iiltar« • #oluti.«m' of 
pi $.^'Q mMm pmm ^mm%k ani exMbit®^ ^mptmw &t ires- -tef 1-
#i«ii#y, S«# %.i^wmmm%^ i» e»l#r «a«^ growt-fe &f plaBt# in tiii# 
e«ltE»r« wm »©%«« Awrimg. lm% w«#k @f the grtniiig period• 
mppmrnntlf mm aii^etly 
telng »0»«i SB. ftpp#s-r«ii-w mM prmovtimml to t©p 
Smmh in weight, . 
Ste «1«I» #»«• ««»$»»#«# 'g.ajtwt# of ®owpea« »#» wttitk' ^ 
i» all #«##« tMt ®f: ir©« In %m »nmm 
•««l%m» »ola%iaR-* -mMltm mM #afigttoe«©. wmm tmmA to to# 
atosofMi feotk at pi tl»!|-s-t |>« wiil©fe 
*itll p-.i*«v4©Ml,f iNpported 3^U 
Ifstol* 3. Xieia, EBanganese and caloiuffl content of 8©yfeem«« 
atjd eowpeas (tope) grown ifi culture solutiona 
of different aaarsganege conc^ntpation® 
13 plant# Qf eaeto l®g*iffl« per pot) 
''' ' l" ' '' '' 
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• 0.1 •3.08 i 143 : 219 !l,if 13.. 36 
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: 0.1 'i6.m aoo ti,9f' ilOO 
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1 1.0 :6.17 ! 90 i6,10 J m 
t 
t 9^ 





s 2.5 ^6.89 ilOl ^6.56 ; 5t9 :12m il.52 
t :t t f f f : •;• f 'ft •m 
•f 4,6 « • 5.0 i«.»5S. 1 n t€,ii i 8i a040 t229t 
1 : « • : 'f -f ; : • ,1 
5 1 J 10.0 :4.13 I 60 f%»ft t #8 s2l68 t^2l2 :1.67 
m • •m «' » » t * * * * * 
^•mmwmg0 #r t »#li«atl.iWi#. 
, Iftngane^fe^ n^mtms M «gf te»a»« a»i. ©®iip««« mrnvm 
eiitlFely dlffer®»t ifis,.. #)• #xteiMt€« tfa»-
luaf aargin o>#«»e« to l®ep#a#«»- m ttoft Mgtor «»gais.«i« 
0.1 ppB Ma 2.5 ppa 10 p-pa Ma 
fop - soybeans Bottoa - mwpe&B 
Fig, 4. Mamgaaes® toxicity i^ptoas of SGybeaas and @oiwp©®0 grown 
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' %  
% I # ts 
f  
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0,. Ig aaii i givee 1» Fig, 3-* 't# #®afii» tl© fa«t 
^ i» ^ tise pH $:»;0 •taltMF® 
,mm i.«« ti3 ii*©» «#fi®i«©f t » awita of js.©t« 
mm m% .mm&mpA .i^iatioa.. *»«• mmS. 
wtjp®--©itoiiigM.#*e'r3r iw« »oa.»aiigaB:©«® 
#-0®e#i}ti?8feti«s:« @f -giwi! itt tafei« 4. 
?s%i# 4, Iron and isttga«®8® eoneentratlone @f eiiltiijp# 









Wm » t 
wm ^ mm 
9,.t •j oa s 
1 f 
o.t 1 o»o f 
I s 
o,t : 10,0 •s 
t t Q*Q. 1 0.1 1 
t t. 3.Q •1 0.1 s 
t . ,.l 
fyfi@«i ieaw# fvm Tmm%mm%» 1 t© 4 mrm «toim i» Fig„ 6. 
FJlmnt#. is ff^ataeat $ mm, m&mml mm ImmmM frm tm% tr«a%-
n®«t mwe not i»el««M, X't ia «¥id«s% tmt Iwm mtkmlm&y 
«yi^t<»8 «a fr©dti#«a ^Miid.#p the®# #@nditio»« mm not identisal 
With »*«ga»««e tojEieitf gy»pt«»«, ,4i »@ i^rttp%©a« @f irm tox» 
ieity w«f^ pr®a.»#@i., d®^i*® tte l,rMi-*«gaas#8© rati© ©f 30il 
«M«a in Tr#at»#fit f«0 twpftri#©!} @©mit |» »ad© he%mm ir®« 
toiEielty mm Baiigaii«#« t©xi©lty «iy»pt©o«„ fite iy©i5 d©fi©i«»^ 
t 
I 
4,6 pH 6,0 P® 4.6 
O.i  ppm Ma O.i  ppa -Ma 10 ppm 
?lg. I. Typleal Boyh&ea leaTea from culture soltttlons of different 
siaRgaBese aii€ faydrogefi-iou coneentrations. 
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>o 
Pi 
wmm ®i»ilmr %&, bm% mm0b. mom ammm 
^%-Mm found in •^scf^mes gmm i© tm pi 6*© -eaitttt*# sola-
tie®#.,. 
femmt rnmmlmm^' 
mrnlt* #f %M« mm glmn .in 5,. ?teM plm%» 
gM* •wll %m all,. mm m vrnAmtlm i» 
with %lh» ma.m§»mem eofie«ati*«'li'Oia,,, 
10 p.p.,*.. T&mXml%f iligl^ '«v€»; iii %iil« ©ttltmr®, 
Qttly m gasll p©TO«i!tage ©f %•»# l#:wr«« «i^if3.ng a slig&t @.tel©r0-
«.!« ©r l.«af wftFSi®, tto® i.ft#.sr#a. tw# w«elc-# urt#^ 
plaitf. if«« pl«t©€- to t.l» ©wltur» and ftlaost 
«irbli^^ly Altapt^sret m%^ • mmt» mm 'slightly IsroTOar 
«t '%m %*® M.sl»r ».«»gaa«'S# • l.«f ©l.g» 
Table 5. Ylelc^, !Bang?>-ii©se cslcla® 
of peanuts grown in culture «?oliiti©»« 
of different ®angaiie«® ©oneentrat.i©»# 
43 plants per pot) 
SolotiSi'; wgrage yi'eM:' Want ©cmpogl'tion 
mmibmw- t eoltiai*® mer pot^Ctocas); 
* : pp» f 1 t pp® t f  
t s 1 % 
I f 4.S 1 0.1 f 100 f 49 f 1*4.3 
t ? t 
€.,m 
f-
t f 4.-® t 1.0 t ,94 1 too t 1.4t 
t t t s 
5 t 4..6 s t.5 t gf f 379 s l.,5S 
; 4.6 : 5.0 
m 
• 6.m •m 'f s 656 .t l..,^ 
• 
I 4,6 ;10,0 
* 
* .1 16 
$ 
• 1245 s I.IO 
lEIilm 
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Wig, 7. Maageja®s® toxielty lyaptoms of sweefe clover grown In ealtmr# 
solutions of tiffersnt aftngaiies® ooaeectratioiis. 
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«iwi .to previous mmmmmm %.&%9wmm 
JL#§|#KwP« 
l® .#^«f»i.»«i3tt o.:t i,mm me m^pXlmSL ssiitlum-
®«#3^ $» -©ultwF# «#3.tttloiss a« tewwmm salfat#, mmept !» Kn-
e^mrnm^ wmvftmg, ®f Ire® mm u-fM« 
ml&im In E3cperl®e»t * wmw mippllet »« ea.l«i« #uirat«» Blmm 
mMlm m%Mmm wmm %m »ttr©g#» in ttel# 
wa« 4#er#ssHM' %©• t® p,p.»«« ^solutions *»» changed .«v«ty fow 
€'if» »»fi Irm ®f 8©lwtl©i3,« Rst 
ter@»g.a% sp- %m %m- srisl»al. iaiifaa#«# e©ii##iit-rn^ 
mmtt efc»ek®t «B«t fi&ttiii. %m mmuln • Pli®'i®(h@r«# 
wmm wirt# m tmmm% but. to a® ©a.,«# 
wmm tfti yloephorws coneeBtratiorj lsif«r©i m&m ttean 10 t«3r ®«n%. 
@r #ii©iifii. %m necessitate addition fif T'm :^««ti©B' of 
t&i ••©lutions r«n3aiB«t fairl,3r .©©»«%«%..*. ls®e<»liJg. »©,r# 
«iiiii pH 4,4. 
-HI «xp€ris5ent«» ,«x©«pt i»©r# ©f factorial 
«o»«i«tlBg #f' tl»i# l€>V€ls ©f ©alet« «i3a th«® l#irel« 
#f %m B3^«fi»«Kt .4, tw#. ©f plsei.«pl39»«i-» sun!' , tw© 
of tm 1, mni tw© l©v.©l« ©f tro® 
mt mmmsmmm tm ap#ri»#»t G^l« ' 
-Wmr plm^m «acii @r •Slmip M msA mm%m' t39 wmm In 
«E#«pt'i.» l^#ri«#if"t 0At whtr# Str«iu 
tS alop# w€» mem • mplimtm %w%m In 
A mm i-l| m ©%h®r ti»y ii#r« r«|jii» 
ttor®# • ^mmg, ^w3^- € t© 15,. 
IMf f©f- mip#!*!®*®.*# *. mA ©--If .iasust 9 to 9©pt«fe®i» 4, 194? 
f®if liip#Fl»«iit S| 14 to October IT» 1.^7 fof 
w^r# wllte tb©«® reported 
for ttte Is'ipt®' t©l«-rMe# 
E3®#ri»®Rt h - Effeet of caleliai- get^eegt'rfttioe 
pajagiiiieg® ' ' 
11«M» aM' «oap®«lt|.©ii' mi •feotii #r l #e-
growa in eultur® ©f %kmm Xmmlm ©f ealelaiB l» 
nil #«M»ati0»#' wltfe Immlw #f «fe giv«« i» 
ffttol# 7* ©B® tr#st®«iit i*t :«aefe ealelta Imml was iiw 
©Mca t-o %lm mftm% &t mnintn.lm%mM » toif«r©g«a-.t®B ©©»#©»-• 
ti«tJ.©» of pa m ffowtte. 0t 
$,mm at pa w#» aui W17 elilo-rotle, 
s&owing typl#»-Jl. iron f© ®©iif-iw(, tte eon-
©1«»4«. Qbmrw^ Im %mm wmm Am 
to %wm aefi©l©H#y, m» obs#yv«t|;0»«i eultwre of pi 4»# wa« «©t 
sip In ir©» w«® fitted #at4rely frm- ti» wtmm%m 
grow Iffl ttei« aolution .rspMly j.<S#utA«ml with 
ttes# groirai «t pH 6.0. A #©«pari«#« ®f «mf}€»ei« smA 
iF« «©ft©4®».®ir i« •.tow i» yig. i, at^rsg# ©on-
It Itos and <a3eBdoal con^osltloa of leapedega (tops) t» ©Bilswt solutioa* 
of rstrylTB^ ta»leiu» axtd oo&ee&tr&tioas 
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I 6.0 i 12 } ^.6 t 12 
I 4.6 5 12 




0.09 ? 0.10 f 
0.64 s 0,62 i 
0.62 t Q»yk t  






0.62 r 0.62 t 
0.1^ i 0,^ t 
I  
I  
t 6.0 J 60 t 0,1 J 0.1^^ i 0.16 J 
i ^^.6 s 60 t 0.1 s 1.06 I 1.17 Jj 
! J 60 i i.O ! 0.97 I 1.06 1 




{ 1.62 t 1.90 I 123 i6i I 509 5ig 
s 1.17 I 1.22 s hz t ; 301 : 31g 
f 1.29 i 1.26 t i J ^5 « 





I 6.0 I 300 I 0.1 i 0.16 i 0.16 I 
I i^.6 t 300 s 0.1 t 0.^ J 0,79 t 
t U.6 I 300 i 1.0 t qM I 0.50 I 
I Jt.6 J 300 s 5.0 t 0.22 t 0.10 r 
m 
I 2.59 I 2.93 
1 2.00 : 2.03 
i 2.07 t 2.p 
I 2.21 I 2,W 
121 i 120 t 
$0 I 31 i 
jk I %33 t 
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f ig .  9 .  
IS 
6 8 10 12 
60 60 300 SOO 
.0  0.1  5.0  oa 5.0 
Grow t l i of leepeaesfi in culture eoltttinne of 
varying ©alcium and inangeneee cojioentration 
8. Yield of leespedeza itop8)groiin iit 
eulture solutioris? of different phosphorus 
and amrjgsti!©®© eowtentratioB® 
t# fiws« of each straiu per pot) 
m^6rB0^ flmlM nr per 
Tr€«t.-i i (<yygp«^ar basig) t 
iB«fit iCnitarg gfjiSii ' i $ ' gtralp' j' 
-J .Total ~ " 
ppro ppm @B«,, ipe, ®B«« ' 'f f 
1 t •t t". 0.1^ S l.,mt 0.51 : 1.32 1 100 : 100 J 100 
t t • I t t •f •; 41 •s 
f t a f2..5«5*0» f a,69t 0.64 t 1,35 # ft 68 J «' « 88 
1 t •f I s .# » : •I 
3 1 io^ 1 0.1 f 0.72: 0.73 i 1.^5' •f 100 « lOQ f 100 
s f s • 1 t f t 
4 i » sg.5-5.0» s 0.3* f 0*33 1 0-.i7 I. 4? f 4S t 46 
t • 
. , •:• ?• 
# f 
» # • t i, 
^<iv#rag© of 3 repllentious* 
®Rec<Piv«d 2,5 p.p.®. Mt) for flmt half of ©ii:p«riii«B'| mn^ 
5*0 p^p*®. Mn for mmmlnder of «3rp©rlffl«st» 
itifftis fiitteer p-o#r grontit i» «ill .rtpllefl-teg of S«ltar« 
1 *»« til# w«8 lo«#r- tli«« t&it #Mai»«d in Gmltmm t for 
tto»t straia* Ctolf m »©««r»t« it pm ©«fit reH^aetl.oU' in ,g,ro»fe& m# 
o»*i««i f:i»» tis« ^ :faig.ii meiiESe*# #«.#«ptrati0n with low p.Hofsp'bor* 
w# >C'^i •::ldwe*«-r, wit&-tto© Mgli f 
«iifi. « de#r«&8# Im grantii of 5% p«r #®at was ©fc-
t«ifi«t. f&t mmwrnm- of ir» fow^a m ttoe, #ola^ 
wer® 0,*13 p,p.». with t&e' low f.to®«P'li®rw« 
®oi5.©e»t,rati©w, and 0»:11 p.p.a, for tlj© Mgls, plie«!|>l5orw«, ' .tttteugli 
«li«Mtlf low«r aaoont ©f i»» r^taiuiug if5 soliatioii m% 
Mgfe pisosphorus level partly for tlie greater tojtlcitj 
iwmmmm^mm in §mimm 4, %iii» i:©e« not •«#«» to &» 
....hh 
fa'fel# 9, Chemical composition of lespeaets grom 
%m eiiltur© solutions of different phosoterani 
an3 manganese concentratione 
Culture f 1 c« % t Ml 1 t F« 
^ent 1 
s 
solution s Mimlm t Strili s s itrftiiB 
no.  ' ••*»• ' t m .1 L39 s :|ji s LW I li6 t 139 1 I16 : Uf 
ppm pta % ppffi ppffi ppffl mm 
t 1 2 s Q».l t 0.39: 0.39: 1.5#i 1.61: gtf <mt 17Ss 213 
t t : '• • '» # • •m t 1 t 
t t i t2,5-5*0^t 0.36: 0.39: 1.71: 1.70: imjt mm 333t im f « «' # « s '» « m- «' • •t t t 
1 f » I- 0a I 
.« at 
0»4tf 0^4fl l.,89s l . f l i  mt 3&i imi 164 
4 
•f 
t 0,35s 0.38!  1.52':  1 ,63:  m9m 1500: m f t  2ot 
t * #• : 1 t « t * • 1 
.9|«i 
1 f t s 0«1 f ©•35f 0.41: 0.98: 1.24: <mt <20: 
t 
I-
1 t :2.5-5.0*! ©•44; 0,48:  1 .25:  1 .49;  506: 
#• 
450! tml m 
f « i t 1 t 1 s f t 
f t » t 0.1 s ©.44i 0.511 i.Mi last <»? <20: tJll: 213' 
s * i* 1 ; 1 t 5 • t 4 1 » 12.5-5.0^i 0»4Si 0.51:  Umt 6:7Ts 661f tfSt 
f t }, I . f .  , . s. 1 •»..,....ii„. 
*«##eiiriA 2.5 for first teir of- and 
3*^ Mn for re»min4©r mf «3qp>-«ri»«ut* 
wewf probftble, f-fee solubility #f to fl» guitar® «©lii-
tias# wa® not % th# ^Aitioeml 'f-omieilr 
•ifiBp%-^«--^p«arei. @» pl«it« is # #arli#r tten is e@lt»r« 
t a»t if®r« »@IP® pr03D0H»«ie«* Tfplml Immvm.m fitm rnrnm %rmm%mwnt 
mm »Mmm !»• .y:ig.» 1S» 
mmlrrnmw ©r both l©*-?®# ««« •#%«*« mmm rnmrn t#, ««e«rtmlii if 
ir» @r ««»#«»#•« wn®? pr^^cipitmt^. in tfee »%#»» ®r th« at 
Hig^r p^^tora« «@ij#«iitr«ti®ii» *# #irit«»©» *«« rownt ftest 
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%1m ^•.tesf'ife©ira.« concentration ®f the frm f 
3Q>-f  the of  t6» f la»t  
sli^Wly feat i»i mm ©»• tlte''i^lo^iKirw:®* ®«i-
#i«i ®r cofitent. '^Iture# t «a€ 4^ t,5-
aAafi»««# €ttriag %lm rirtt telf ®f %be. i« ©i^er %© 
©Msi» s fair asiourt -©r *iit tmrn %M mmmmmmm e©ii®«fi-
tmtiofi wa# l]ncr«».®®a %# f e«ltai*e«* 
M,gM ®f %1» 'grow At ffe® g 
phosphorus t»»t pM©iplM3f^« iim« 
%^m mtt:ieXen% far ^mth -©f mmm «t tto« 
t'p»p*a* it i« •elesrly tliat !©« 
@oiie«»tip#ti©a« ®f m9m0kmmm. mpm t#xi« t« • r©f,*isii«g# 
©f tile mt pfci@«pteim# 
Sftieytagitt g » of iron gongeBtration 
o i l '  t Q x i e l t y  
'tfei :#®i3eijtrati<Ma-« @r Imm tt.s«a iw fir«% p«rt @f tlil.« 
©sp«riii«t O^t'am 1.0 p,p,a,, mmh to wit-li 
%m ItvelB Qt .«a»gstf}«®6, 5.0 lii«ii: 
gr®i^& • Willi t:te hlgi^r rat# ef Ircifi m® 
ttei® ia 10.. mm 0f tfe» plants groim in tbe I. 
%.vm »ol»tloR« mrnmi larger, llslit«r le #®l..©r, swl e^ow-
»«w gr©iitte At ti» mm ••#xp#ri»®»t tteii tli@^ii® 
to l©iwr.r. iron solution#., flants gr««ii in tat 1 f »p,a., »»»-
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M 'HI' #4 ft ' i^ i--
WBr j# •i# •*» w » M  ^ ilr' *«; 
% S 
• .• 
o o cf • o o o 
^ M 4«' 4>A M «• *!<•«*«»«#«» 
u 
o d> o c? o #i/ '«• .|i»; «*. -Mik «• M «§ *• •». 
m 4 3 
o- o #* IfV 
4#- iMt' 4lfe.' •4* #ip «•' 41* Sife iw »*; 
3 3 ©• lift mt 
«!' «• «. Mt «• •• •• #• «• '^. ««-- ** 
m jt 
^ m s a sr ,S. : 
:lL«air«« Bl-igtetlf •«!««««» srmm wa# B®t 
St •fitter iri® :i#'ff«;i-* m %'im »ga a«iisaw««« ®f 
5 m dlffefNgne# mm notieeabl® te«tweB fla®t« 
gv&m i« *-tos^ mtmrnmt imm Wlm%» gr©wB tis tft® Im 
Ikwm mlutLomt wmm MmtM sm^ mmmmtm rnmvkm mmmmrnm- %©it-
t«i$y ^mptoma wimmm9 tm pla»%« Im tM telgto isnsii «0l,ati©s 
grm m:ll «ii@w«d- «ly iM$mf Im t&m mf 
f la»t silso te' fmtel# i0 9hm' tl»it «llevt« 
m%%m ©f %ii® ^ hlgtor .irw ©#B#»n%y«tl« 
wmm »#% t«# t© «p in^rmm &t total Imm in pli«t tout t# 
i^p.r©3ESJi*%« p»i* ®«t »i«#ti.#K iB tfte »»»§»««# Qf %im 
ths: ®f iroi» lu 'Wiaeliis 
toxicity app«»r« t© fe® &mm t© «»« mmlmmlm pf«-
t'i« ab«o]ppti;« «»i «afegetw®iit s#eaTOlftti,« @f 
In tte plant rm%h^w t-tes t© m m&tiom ©f 
%wm mitmn fl«at 
Wtell® fj»«i'ttii» mmpmrnmeT^t showed, ei^arly tisat ir©ii 
wa« #f.r#©tiv® i» 'reAttelng naiigaii### toxieity ®f' l#'fpet«sa, tl^ 
t@ SmmwB fW.ir«»« C§%) tlit#!^ %tet tte l,,r@ij. 
anftgrnaet# .imti®-#f cultur® aolution# mi tft«',f«et©r 
ling f last %lmn %«%»! «©««t« ©f tii®#« eie»«®t.« 
«t»if mt tM.« paint «. s««-osa e^^^fiaent 
mm ©arriti m% in which lespei:®#® •««•« !« ®altii:ip® «©.luti®fi« 
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5 I  
I ft i ^ 
i3 
I ; 
fi^ II.. tt«li emp&ai%io& &t lespedesa (to£»«t) 0mm la tioluUoxui 
&t isif»xm% wbMI^ 
(S plm%9 of Strata 1$ pot) 
t i |l«M" i"' ' i 
^»fa»a%i IMtttfe iltsgeiaga v$w i^f f t . 
m^bm tM tm igj^'taliai Iwaiiiijl t i P ' ' ' • - • 
1 
ifilir. 811^1 ipottiagj 0.i^3 i 0,95 ^ I® t 130 
s t », |.. •{ 
|:S«I»» spotttag t 0,1$€ S 1,20 s- t 
'f' ^ St f f 
rSli^t spotting t 0^5 t J 3-33 ! Iff 
t I I J J 
iSevdfe Kpotnag t 0,§l r l.C^ j 719 : if® 
t I I t i 
if«iy. 1t 1^ I 3ff 
S « f t } jsswipi ii>©lli3E« r o.p t t i: ^ 
I t f .1 t. 
PP» KP* tppB, 
1 i 0,1 J 0.1 1 Ill 1 1.93 
: t t 1 
1.41 f J 0,1 I iL . t 1 • im_ t 
1 §• f t 
1 I 0.5 1 I,# t iif • f 
t f I- 1 
* J 0.5 t 1,© f lit# f 1.76 
; t f 1 
i i 2.f r 1,® f MSA t •i.m ! t t' i. • 
i } 2,5 s 5-<3 f lit f 1.53 





tti, 3.1, foxitltr of grows ia ©altar® 
seiatisfls €iff®r8at ir©Ji»Mattgaa®s« rsti®t. 
S©. fpi la «©lfi4 Ho. PPM in solfi. »©. ppi la solfi. 
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1 1  i  
tai 'mmm oosfOT OF mw SOILS W its 
mhrnim to showh «d nm^mEm costssf » 
BIEET CLOVER «© LKSS'EDEZA 
M®©«% Ct, 31 6»« ifbow %fc»% 
it«l«ity %•&!» feiHii im aeS-d •#il# i« set 
ta|«i»iQa'« to plats* ,gr@^:te. 'timm 
tlmt fi#iS8ial pls-nt gf»#wth ©ould be obtitetd »t fS: 4»0 in 
«ot «®liiti<mii f-teiper©!*#! it 
wewli ••86pf®«i» -fte ©r ©aleiw® tmf^^ %m mmf 
"mM prairie soils stould sufficient for p%m% gr#iftfc 
«ai t:lmt poor growth #f Imgw#® ©«0«rri»g m %&««• ®#il« »ig» 
U© €tt# to other i».J«riOfa« 
fte purpose «f %bis inv<t«tisiiti©» mm§ t# d®t#r®iii® if •«@1» 
nbl# aaaiftiitW' *ig». fe® m fm«t#r t@ plant, gro«tM m @«r» 
taip, ioils,., 
fm .-^ecifio ofeje^tiW'* *«r«? 1} f& de%»m%m tM 
trati:o»« »r t« w»r%mM meM «#tl® is r©l«%ioa. 
to ti®ir •a-i-em- •otteentimtiofi#. a«a tl«ir ©f «xei»»e®-
atol# t) #ti% tt»- »©liibl« 
ecmtent #f a#i€ «-©il» 'Wti tlie growttei «»d 
mmtmt ©f «*««t elof*#r Mi .lei#e€#t;a. 3} f# t«t#iwlis# 
©ffeets of mmmM #f ealtlw ©artoosat® 
'mM mM%,m «wlfat® m eoTit«nt of «oll» 
at«a 011 ttot gir©iit.ii a«a Mg'smt#.®# aw#«t imS, 
41 f# studj effects of Isrg# aa#«iit« ©f fte*-
f«i^411iey ©B -miter-soluble isangsfte#® km a^il aiai 
m • ati4 w#®* mlmrn* 
.ftil t.lte toll# iM tft# ^ot »itti tfe e«®®p» 
tloii 0f t'i# two -©©ell w#i»® $wm &%ffemm% lo-
®atS.o»« l.n fi® f«rrirjgton soll.s i« ttot »«ii» #](tp®rl-
at«i!t» vmm- fTm ttoi 0©«i»ty Bip'erla«»tal' faw., ffes tw© 
mil* mm frm iortfe CaroliBm «Ba feorgi*. 
Bulk of «#il« f«r-' all p«t. w®r@^ 
t!iiE«® from mm ynlfom a lmm%%m »« hrm^ht im%Q 
«*ii mllmmrn t® ?^lb^ w#f« th©« pmmmiL 
®##te *i©:r©«glilf ftsi 
w«r# %# witttf} #f 'tte tqp- wltte soll,» 
Cll«s«i trate®:#. ®f -©ne-teXf «»-
p-»e4ty,,, w«r«- «.i«d kn %tm «ieperl®«t» »n<i %n a^proxi-
mm%mlf' mif M 'mmmt %lmm 
MwAwiM fmlMW' variety mrnm elmew w* §mm In «ll ttoe-
mem% experlJi'iwit#,. B%rm%m 'iM l©sp#i«iia was ««®a 
S.B mil mwrnlrn W9 nwi- tm two 
®f tlie le«p-^#s» t# liifdwatlois a« %©• 
©f tte «»« #p-e®l«« aigM Alftmw in tUely 
alJllitf %& mm «®tl. ,e#ndlti@»«# fottr to «ix sii#«t 
pl*»t« mem'gr&m- in ««eli f#t,| A^^-sfiaiiig o» «i«© ©f 
tint ®@iitaiii«r mm& tm lersgth of tit p»©wiitg p#i*i:®a. .Ii®-«p®a0«m 
»t-i0B€« w®ir# ttoi«p«« t# «igta,t p«r pm, mmp% in tut 
fif«t Cayrington «9ii ©3^«Tiae-pt -nimm mly mix piaiit* pmr e©«« 
taiiiftr mem gpswH t?e«m«#© of tii©' l.©ng#r •gFewing perisad.* las®-
p.ei«t« »at iwe-et tlov.w wt»# i?5oculat«t witli e«ltwr«« of tft» 
pF@l>«f» «ltr©g«ii-fixiRs ©ffinii* io Mth eairlnste© «@il ®i^©rl-
eteffli«I.S^ fwi*« w«r« in All ea«e« «« 
©f nati'lti'V® ei#a«nta» mr* 
li©8«t® and eftXtita iiilfftt# mm liir p©Mer©€ f©« «oat 
tta@r@ttgM.r alx«€ wltte. P^taa#!*® »«« «5ip|ill«a m 
e®pt^ f@p «ppll.®S£tl-#»«. mme 500 #®«aa« f-nO-* p#r m^vm is iflii©& 
©as© ttest -taaitlonai. wa« *stp.|)li^ a# p^wpimrXe aeiA. 
F©ta»«i'.|iffl and p'b©«pli®i^« wmm owallf «ppli«i in f&m 
ttua, %h& «»i3. tterensiOf soi«t«0«dl isTOr®' #•«» a:i«tPib«ti©ii-
@f t.^ f.tte «@il *«« t0 tiy t® ^ti®i» 
a©i«t«r« 1»fore plautiog# S®il«: w#r# s«iBti>4«®i «t 
@pti«« 'eonditlon % #«pi.plyi«g ii«till«i wiit^r a« 
^ttriug tte gr®»i»g p«iPi®a. 
Results «fii 
mA mt#y.»galttble rnmmm^Be ®oBe#titratic^# 
Qf 'g^ ""aci^ iBoilgr" ' 
fl^ objective of this st«% w«« %# 
t^tiouii of exci:ia,r?se?itol® a»i wat«r»»olabl.# »amgam«»« tfent 
•Btgto^fe he fottirf in isfttttralli' m@ii fifty-gran ©r 
s^ii «©il« mem !.» 50-iii,. tai^t^per^ Mvlemmy&it 
broasfe* t# &p%%mm ma& %o^ 
at teaperaturci for %*© wmUm^ Mmter was ati®i At 
t# Maintain optiawi uoieture .©©Mitioi}*, 
m t'h« mm of t^ tm ««t«r-«oJ,wfeie 
aai eontent® ©f mm 
%m- -mttm #f 
Wglciss (49). 
m%m frtm tM.«. mm :giv«« te fafeie IS^ fl» 
«®11» »#ip# «ivi«#d i«to g»np« t# ti»®ir pi m>l* 
tte# t# a«t«»iis© If ^IstiofitMp g®il «eia,* 
itf, #*iA water-solubl# 
mi t-^ t-t iM' evident tJtet little »r «# f«el«ti«: #xS,it« 
pi mm «,x.®,te«g€abl© ««»§»««««,. »»#v«r,, tte sv«»g« 
mm^mmmm emmmm:%m%lQm ®f in tiie 
«eM sollg *»« laueh higher ttasu th© mmmm 1»0 p.p»ffl* 
g»t«# for intermediate «.®ititf, mt th® average ®f 
O^S p'*p*«« mmmmmm tm t'tae i#a.«t «#id 
.§7 
fabl® IE. fh® pi •wmlum, exetoaagestol© sma wst©r-s9l«^>l® 
a®Bisaes« eaneemtrsti^iig -of B§ m&tur&lly mii soils 
*• t *1 Jlxehange»:llat®r-golal}le 
Soil,!. goll twpe : pi j : ®T)i« saaiigaiiese 
s s gromp I smaiifaiits®; (s#H lasls) 
1 :f0Qai5riige silt loan: * 4«!. 6S' • g8»8 l.t 
s :.St. John sami :lel®w :4.a8 • 1.2 0.0 
B •sflimrffiam saaS : s4.74 « « If.7 1.7 
4 jFafttte tilt Xmm sfH fi.BO ;4.81 Z71,Q 4.1 
g •.Sarringtsn silt loaai •.S.,.05 • • 109.2 s.s 
• i liiadley ®®ady lea® : s§ai • • o.s 
7 ;Sr«ndy silt loaa : :eag • 180 .i 1.6 
8 ;C«rringt#n silt lO'Sa: i&*20 »• • 1#§.8 0.6 
iTSfag® 101.1 2.1 
9 ; Garriagto-ii ©ilt loam; ;6.gg « 77.5 0.4 
10 tliiaa tilt l®a® ;§.£,£ • • Sl.E 0.6 
11 :0srriiagton silt loan; Between i5,g® • 129 .f 1.0 
12 .•Muscatine silt low jpS §•£! J 178.6 l.i 
12 :Kdina silt loaffl i and .;&.S0 : IS.l 0.4 
14 ;Tama silt lesai t 5..40 J 6 #20 i tos.g 2.0 
15 :Haig silt laaffl ; ;g.S2 8S .0 o.s 
16 : Carringtori silt loa»: :5.M 13.0 : 0.0 
17 :OarTlBgt0a silt l0»; :i^S4 18.E ! 0.7 
18 jW#ll«r silt 1®8» ; si #28 • • i3i.4 g.7 
4T«rag© 141.8 1.0 
19 rS08p0i't ®i«.®l®y l#a»:. iB*42 • 112.1 0.4 
go iC&rrington silt loaas t 8.g : 0.0 
El i011iit0B •tilt loan 1 :,6*§0 * * £7.6 0.9 
Z2 jt©ll®r iilt l®sffi tAhawe : 5 •50 • 4.m .0 0' .4 
23 :0eeil smaSy lom . :pl ©•40 :5..7§ * 31 .g 0.4 
t4 jSarioji silt Idam ; j5.f2 « « 1M.9 1.1 
2© ; Shelby silt loM : :6»10 * • 44 .5 0.4 
ivtrage 112 .0 O.S 
lD«t»»ima,ti&iis aftfl# with Mm&km&n fl m&ter using 
ljS«-i ®oll-wat«r rati®. 
58-
S&ll» ©r 
«i»gas#t« eont^ilnei large amounts &f ex-
•0^ng#«t»-le Of %m »©ti« #©*!talaimg »#p« timm 
100 mm$mmem «ll b«t t-.fc®«€ ©©atalpM »»© 
•%]te8 i.,.0 p.p.Bs. w«t#r»##l.at}l.« MigWi:©*®, «»i two ©f tiii»®e 
•«041» pH vaiw#* &b0t« •5,4, with lemn ti»ra t5 
®Ji«^ug«abi« fe»4 'M-sh' ««iisa»#»e 
teat- fe©%& ©f tlmm «@S.3.« wey#^ «trongly «@ii il®, I »»S 5).* fie 
tw® mils with, tlw itigbe-«t •««©«».*# @f »*t«'r-»#©.lwbl# 
4 m«a 5) contained lars® mmm%M @f 
apfi w#r« Rleo stronglj Aet€» 
Frm tM# it 1« ^.pparerst tUftt iiaitgsii«»«' 
»Aglit ©@i®w «oil« #f' mMarftt® «idit;r if %M 
»TO»f«iiei« t0pt«iit i» hl-gtou ftoi« is i« m^wem^mt. witft 
«wltfl ©f fcl® «€ HetfJtsedSy wfe® i»v# iNtport®€ mmmsmmmm t®x-
i#itf 0f gF©w^i»g ©n «©ils #f ««i«itf, Cpl 3A) 
p.f ,»• •®3c#fea»s«»M« »«»g?iB#8(©, yn-.-
t©i^'an«t«ir ito *«t®i*-»»olubl.# «aii^»«-g# .«.»%«, w#r# r«port#!5. 1^ 
tliii# i»v«-«tif«t#r»., 
f«n @f tl» 25 1,0 m mum wat#!*-
aaogati#®®, a wfcti«^h m.§ f03a»d to 'b# t®xle 
t© tte solutions i» pre-fioa#' e%^ 
pmw%.mem%*,. A-« »ol8M« wangaft#^*# wst determined in m water ©jc-
t3Pii#i i» thi« miitf reportei m mm it 
likely %m%' «.©wt»t»tlo« @f ttas-itil 
tm «•¥€«* ts %mm% %.im- wmliMS^ tto aet'toS:/8««a lis 4#t0r« 
wattr-solnbl# mmm§mmmm l» i»v©«tig«tiOT:, a «t»if 
mms »aa# -©f %bm rtlmtion e@]ie«»%-ratlon ©f 
is %m salsitioR #f :i#t©i*sl TOlI# mta eQ®®e»tfati:©»« ©f 
mmi^mmm in soil extr'ictB obtalnei m%. %wm' different 
TM soil eoluticma vere iit ©«• 
«iti.0»a to pr«"vent any In Maiigsnes# frm 
• fl» aetlKxa deieribea ^ I«lly, {29) wm» Im 
tte soil solutions* ^.olls wmm ©Rly. is©aerat«ly 
t«MpM %m t-iie to «ll@w rapia di«-
0f tfe» «oll selttUcmi ia tae «@il' 
mm dA«pi.«g'«€ i« !#«« %!«« two 
D«%a fitm %m,m mm\ ti»«. %m tmhlm- 15» .%pF0xi-
©f solalil# aftsgwe## mm obtaitsed witii 
lit «iid. Is5 ©xtraiitg, s®il «@l*itl.0»« ®f'tl® m» 
•tmmtM, ®oli« as lawcili aanganes^ i«ol.l tetit) m§ eillier 
%iat Iff ©y IfS soll-mt#!* axtr».et, tlie. aiipl»e«i, «o1b-, 
tioiit @f tl» soilf •wlt.il ©alsiu» «wlf«t« ©oiit.ali5.®« o^ly 
«bowt h^ilf the «0T5CP-ntr»ti0» ©f mmg^rietie obt^li^ed trm. tfet wat^r 
'WHeti ®ft t:^ «.©il inaie«t«« ttiat 
the M,gh ©f #i>t«.r*»olyM© #al«iw»' In ttoe s#il toIw-
tion aay torn 't&i solaMllty of ®E«tefifg®mb3.® 
-60-
15. Water-soluble sntiganese concentrati©!?* 
of goilfs at varying asolstur© contents 
t" Bitfiiisf® m' 
I Tr«»t-is©ii trnarrmmtTw^^ 
s mmt : pM :solu-:solu-:t?ater 
soil s iS ll soll s silliXsl' asi 1-T TTe" "sMmtmmm-* 
tlem sextraef laac&aatg# 
CeelX tehBcl^ 
sandy tOaSO^ 
loajB : CaSO-4 
ppffi PPffl PPJB pp® pp« 
:13.2 m * 1.3 * 0.4 s 0,6 s 5.6 
:70.7 « • 6.1 # 10,7 1 11.8 f 5»' I 
S56.7 • 5.3 -• .  11.5 t 8, 8 1 6,6 
•f • M- • .f f 
# J f s 1 
t50.i : 3.2 1 2,6 f ta t 10,0 




• l^• * • f J • • 
CarrlTig-: check; j4.87 : 3.2 • • 0..S • 0 , 8  .t l,.I t T,5 
ton slltjCffli^o^ :4,58 fl5,T t 4,3 1 10,3 1 14,4 t 
lo«»R : s 5 : J s f 
il&m) * 
. . .  1 . .1 . . .  . #• t , ,„1 „ 1.  
*'Cn*^0^ appliC'?.tiOTi« m f »,e, Ca/100 giss. soli on Cecil 
and Thurajan gollej 4 *,«, Ca/100 gjse, soil ©« Cirrimg^m, 
P S 1000 Ife8« PgO# iter® (2,000,000 Iton.),, 
m mil 
**t®iv«oIwtol« not 
asraga®®*#., mmvy mpplLmtlm of »# Botleeatol© 
«ff#et o» ii«t#r-«oluble »s«gi»c« #f ti^ goil m% mmf 
Im wlm of the results otstairjei %m tfel# mseperlmmt It 1« «vi-
i.«»% tla% In Iv.terpretim the data a». »oiI ©Etr»«t« la ttoe 
laiit eolmsa of f«M« 12 Im t»»# of of »aiig,Mi«s# in 
»oii ioIutloR, %li« mlu#« .jsl^M 'fe® »«Itlpllei fr* four to 
%•» foli# depending o» tl» eofit«.iit of t»» #oiIif- «t tl»® 
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3 1  i  I S  
«fil mgllmh mmr .«a«iftl.eal rnrntimn mm 
ml with %lmm« »««d Im 
fields #f «*«#% el0V®i?# t» taln«« #f tte »©ll^ a»« loxlelty 
©f pl«iit« tte «oll mm siv«« 
i» fmM# 14» WmwMA kmmmmw in w«i»® -©MiiiP'et f rQ» 
««l@i« e*rteoeat® &t 
fatel# 14. The effect of irarlous soil trtstntttt® 
m the yield of sifSF«et clover grown m mm 
acid Carrington silt loa®, ExperiBsest 1 
t Treatatnt** 
pi 14ir«rase yl©l3^ s 
of clover per: Flftut i^»P'to».f 
80il;p0t*iQven"drf) i 
gpe. 
1 : check t 4,81: 1.00 •0kloroti© leaf aftrgio 
a •lACflflO^ s 4.71: 1.03 n. n «t 
5 . * 4.72: 0.77 « •n « 
4 • OftSO^ • 4.52: 0.78 m »» m 
5 a/4c«?.n0ft « • 5.25: 1.45 Ion# 
6 ;l/4C«iC0#+l/4C«.<^0^ • • 5.15: 1.44 » 
7 ilAG'iCOa+^Ac^SO^ : 5.12: 1.54 «i 
8 •l/SCaCOa ! 5.58f 1.50 # 
.0 i l/2CaC0a+l/2C^ ?^0^ • 4 5.51: 1.35 n 
10 t CaCOa 6»28: 1,52 1 
il IF « "tfrc: §ldorotic l®if margin 
It :P+1/4CS®04 t 4.83: 1.16 « « »» 
13 •P+l/2Caa04 • * 4,59i 1.37 » m tr 
14 ?P*0%804| « 4.70: 1.44 » ft 
lb :P+l/4CaC0a : 5.40: 1.95 None 
16 :?-^l/4CaC0a+l/4CaS04. • 0 5.28s 1.85 if 
17 :P4.1/4C«C03 4-5/4CaB04 5.15: 2.35 w 
18 ;P^l/2CaC0a : 5.92: 2.72 »• 
19 :P 4.1/2CaC09+l/2C^.S04 « • 5.52: 2.17 m 
210 •p +CACOs v' « 6,30: 1,98 n 
• 
«' 4,p4t '-x.®'"'" CMorotie l«Af amraiw 
22 f3Pfl/40a»^ f 4.80: 1.25 » » » 
23 t3P*l/2G&m^ t 4.70: 1.06 » m m 
24 {5P -frCftSOjii t 4. si: 2.07 n « « 
"^iiie treiiient 
Ca=?0^ i f t T 3 d  C s s C O ^ — 1 0  m , B ,  
1P»0» pw aerts. 
•*t€rr«g« Qtf* 3 r©pli#»tlOBS, 
5 0  l l j # . p « r ^ « « r ® i  IFiSi _ 
00 gBJg, fsoil, F » Ife«, 
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• + • 
9<< 
38* #> 3» O 
ca 99 
O^Ot-»H» 
Q-I»-§»4S' 0 0  O O O  
« » » # » »  
.8 .gJ5 
ft* ** «# •« »• «r» 
ft>Mroi»wfOR>fon>wrarof®wwiron3 # • « • • • • . • • • • • • » • • •  
o vji o J-m ui fo a* o ui->» ivj •-« H u» fo ^  
*-« «• •« •« «• •« *« «ft *« «• «« *« mm 
o o o o o o o o o o o o o o o o o  
• # • # * 'i» • • « • « 0 • 
€»0 0 OOI-'0--}\OVOVJ<-i»'*o4-|-»i \OCh 
• # 4r« »* »» •• *:# *41 V* **«».«««»• 
Vrt vjioaoa-^' 
oaui^v^io^Qft-i^ MooooO^voo Mm jfo ^  asra 
^  ^ - f i : ^ ®  ^ - S * "  O f t  4 * ' l o  f ©  » « •  J ®  o  w *  o  • - •  f - *  " 1 M  M l  
«# •• •# ••* •» •'•i •-• •>• »« «• 
§ 
1 
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©f plant# «t ail tlw«e l«ireli.. Flamte 
i^e#lvtns appllcatlew ©f earbeaitt#*. r#gai>ai««g of %m 
mmnt, eoBtalnet l#w s^«i®»ti»ati©p« ®f aaiigsii#®#, 
•©•lei* t»a%^ f ls»t# mmm in awgati,®®# 
•ii®st«»t ©teete plant.#.* Tter® «a.« 8«« l'tjdl@Rtl©ii' ttet 
tte »««giii!#«# #©Bt©.®t ,ef ttof plmBt# iff tte Wlgh«fft e«lcitia anl* 
tat# tremtaemt# »a» »i®itfi©a8t,^ l.@w©:r tteB ttost ®f pl«ist« r®-
e.«iv.l».g affi?ill«i? m&m%m ®f ««l#.l»i swlfitt®. ?ii#i^te0p«« ap­
pear^,' to 'tee <H...glily .lii l©*«.ftag »afig«R#8®. ©ou-
t«i»t ®f pi.w}t@ re-ceivirg. ii}"t'®iw^.i.*t# »»#a»t« of p;too^h©r*i« 
if»atfflei5tg 11-14) feiit :»© «ff#et wa« «YM#»t at tfcyi Mgte plio#-
,f l«v«l 
fl» water-Bolutol® 'iiwgsiss## sud «alei«ii ©.©RteRts ©f mils 
fiw %m ««i@rity #f tm are slmm is fmfel® .1#. w© 
wiit®.F*80la^l.« IroB ©r aliffllBwi waa f©w»4 In any of tl3a& soil®., 
lpp»xl»«tely T5 per mm% @f tte- aai-«a as «aleiti» #ial-
i.» a if&t#p*..»©l«M# f@» nhXl^ tijt ir«t«i'*s.ol«ble 
eonteut of tht 8.0.11® ©«lelw» wii® 
^y©x.ls!ately «qual t© tit# It 1# ©vMent tliat 
#itl#lOT •earboRftt# 1» m %h6 ©xete»ce p^sltlOR# wlil,l« 
t^i* tmltlwB • frois #ml®l:«i. M:lfat® e»alfis In a water-
(•©lnfe.le 'f^f* an« 18 ii«>t appreciably m t»^ ®x#te»g« 
®«p,l«x «t %»«#« pi mitt##,. 
M© w»t«r-«ol»M« »«i}gs»e«® us.#.found i» #©11® 
m%€lm #aiPb»at«, S©il# ree«lvlng «ppll@.«tl0»® ©f ©al©tn® 
-fii-
TO^lfat® wmm »«#& Mglier 1B ttea the 
e^-9K • f l.«t« grsw m «#ii« .©@»tal«i»s litgb 
mtA. .feisl #f aaiigap©##,. 
fable 16, The effects of various soil treatraente m 
water-soluble^ isanganese ard crslciu® contents 
of wn acia C^rrirsgton silt !©«, Experiisetst 1. 
•f ' ' ' ' f ' ' f 
«firab®ri ff#at»#«t* f fl@il pB t fstar^golubXe 
t f ^ . I ' »* t Ca 
4.81 
pprs n ue./lOO gisi 
I • * Cheek s f 2.5 . I 1.2^ 
t • 1/4CH^0^ S 4.71 1 13.8 • m » 2,51 
3 : l/2GaS0^ 1 4.72 •1 19.6 s 4,42 
« 
• f 4.52 •f 5.4 t 8,47 
IS : CaCO» f 6.28 none t 0,91 
11 s P -1 4.74 t 0,8 s 0,64 
12 : P+l/4CaS04 t 4.83 t 7.3 f 2,38 
13 t f4.1/2eaS04 s 4.59 •t 12,4 f 4.12 
14 i s 4.70 •t 4.1 t S.3I 
ai : ^  : 4,94 t 0.9 • • 0.45 
t2 ; ^ ^^lACaSO^t 4.80 •| 8.9 • « 2.43 
23 t 3P4.1/2Ca«)4S 4.70 t 5.8 3,91 
24 : 3P4-CaS04 J 4.81 t 4,3 •S- 8,78 
M • »  t 
*0i3e to five soil-water extract. 
®Ba»i0 tr#«ta«nt « 50 lb«, K«0 and 50' lb#* J'aQ,# F®i*' «eres 
Cm??04, Rrd C^tCOg = 10 m,e. Ca/100 pii» sol3.| F a 500 
lbs, ?«0» mer®, 
•Bxpressed on soil b'»sis. 
atji #f th®- l©.«p«4«8a #3qp«ri»®»t m tttis 
•oil mm giv#ii in t«bi# If , .  Tm «alei» .«»if&t# tmmtmmt 
m aefifilt® in yi®W &t both etnitoi af ©«-
•of strsiB 139» I® #«traet,, ptrai® W9 wm benefits 
% ©srbonat# wfcai® IS mw not, Clie®t®ai -e^pogitloia 
Siv®» in Table IS »:tew ttet «tr«i» 139 Mgher 
•if. 
Table 17« The effects of calcii:BB sulfate anft 
ealoium earbonat© applications on the ylelA ©f 
lei(p©d«»a grown on m acid Carrington silt 









'«^#rage ji«M ojf leg 
C©v«»-diT toa«l8) 
pea«"«a® 
•1 1 Btraii) L^sSot ii »tralB« gB«. ^8. ga-«* 
25 tQh&tik t 5.00 # 3.42 f 2.16 : 2.79 
lOaSO^ 1 4.60 « # 1.56 1 o,m f 1.06 
27 1CaCOa s 6.15 « 3.03 t 2.63 1 2.83 
28 il/2Caea®^^l/2«ai@4S 5,45 « 4 ' 3.14 s 3,05 t 3»10 
1 t •f' , 'I 
*mm^ mm •eae0» = lo n.,#.,. 
®ASPei»ftg# #f t f^li«Rtioiiii 
rer of 2 ®0,?t 
fa/100 «oil. 
Table 18. Tbie cffects of eifsleiuffi sulfate axA 
ealeiuffi carbonat© on the ©heaieal eosBposition 
of lespedeza srown on an acid Cftrrington silt 
loajB, i:3!?)eriment 1. 





;Btraiis t Stipmln 
h39t m h39tis L39slS Is39 
.__ir 
pp® ppffi ppic ppiB ppm 
2b eheek 1.86 2.27 0.22 0.26 275 356 166 172 45 -
26 Ca^O^ 1.98 2.60 0.25 0.28 703 698 173 241 50 49 
27 CaCOa 1.91 2,47 0.19 0.22 29 43 153 160 49 -
28 l/2C^C0s^^l/2mm^ 1.79 2.30 0.19 0,21 20 24 149 158 39 — 
teA mm» = 10 »*«-• §«/ioo m»» «©ii* 
of ««« ttew, itrai® U 
mmm eonaitio««. falgter ®al@l«.® HOP-
t«Bt of 9%mim IS9 mtty «^ls:i» It t© ©alelw 
wbil® ,iPii*«iii -l^' tia not. 
i» thp tF«at««st w#r« eML©-
%©ti© ««rl»g ««rt¥ tea F®«<ite»A %© « gi^at 
% Hfifl th<« %@iclolty #f a 
m%l0 mwAer #f Br@iw- «po%« ##iiee»ti«t#i. aiong'aaln 
wtos of The«® II#t# wltto 
%te®« wMm. wa« gF®«B ia teni# #0»e#Btra*--
tisiw @f »»«;«»«#« in soltttloK'® i» pmwlQm 
fm aamssttes# ii.oiit#iit ©f tbe'aoll, 
«» well «r the »««fe higher ««»g«»#8© •e©fit®iit Andt «@r«, 
»«B^B©e# ^asptoii® @f %ti6 plastt- wtulling twm tim 
tttlfat# tttow ^lemwtf ttet t^lie Im 
®p©irlh trm m«- ««© %» , 
%mlewmm^ of" -strste wmgmBmmm t©Ei'©i%j 
«• ©«wp«irei t© «t«l« tS9 *«» «i»6MW 1^ ttm flmMm 
with %im sulfate %F®m%seB%», fleli ©f .«trai» IS m 
%hB ©ffrMiw' %:y«at®ft «©ll wms-^.-pmr mm%. Qf tisat @f ttes 
wmie IMt @f «tfmi» IS$ »«« miy '2ii^ t#F #«»t. fte« relm-
Mgte. mm$mmm @f !St3P»in L39 m tlii «Bti»©mt®<l 
#®S.l that tM fi#M of tM.« •©¥-
*r»A»«a. fr©ffl. tfth© ealelw @«rt>oii«t® wme protemtely €«« 
t© -©f itt %m 
Wmmrimmt. 2,. tte •#»-«$ i»a-«'plmBnet 
••frtw-arllf %m emtlim »«alt« •©fetaS.ii#® im tt» first 
of %m l.eapM#ia .gturty in thi« e^mrlmemt 
mm t<> th© ©f Alftmw9m% #f ealeiwa »al-
fa%# aiii Mr®« iw©«iit« @f pM^«pfe®Ftii « the gr®wtto ©f le«-
Sw«»t *!*#«%»#»•%« w#w m& 
l«^#A®,si« time fet#®#.* 
f t t t « ® i  i m '  t ' b e  « » © # % ,  # l « » r  « x p « r 3 J i e « t  m  % M «  
w&ll mm 0.mm Im -fafele li*, f»i« «oil. »a» 3.««# naifl CfH §»15) 
tto«» %i«' me tt««i in %ho trevl#tt» ipa 4»8l) t-ljn 
•ff#©t ©totate^t fr« «l.tler ©arMumt# ®r gii.x-
f «t® wss fflii®li !#«« • msrlcea., 
i®ef«a#«« tbe yl#M &f mm% ^tomr 
titgte%:a^ m «1«© 9bmm tm fable 19, k mppltmtX&m ©f 
mm$,mmm ifmmtmmt M| €©«iNi««iii itot yi«l€ wltghtlf »#r«- tta-w 
#atl#iw sad aa®g«.ii#f€ fp«i^ ner® 
itots. talelM wmm wltto »s»g*»€», ef-
f#«t irmii mppar«nt' 17). »f tlie 
pltot# •gr©w» m wmmltlmB m&lmtm Mlfat® @ms%e%mA mt 
l'®ll@wS.«b»»white ipot* tm lent aargi® rat&«r 
•%bm ttoe e®»t4ii«©a«- %mmt amirslii %m tta# mQre 
aa-ngan### t©xl.si%, 
fte pfe0«pte«i8 ii»tl4©atl©i3a», wltfci ©r mittmrnt #«leiw • 
#r @«l«4«w ••ttlfat#., toafelei tlii' ,yteM 
#r @»©«t oloir«r. pte#pte%« 14) wa« m&% 
mmm tteii »ai©«-#^iw ptofpfest© ifyestaept f). 
filitle 19, Tbse effectg of various soil treatments 
®n th© yield of sweet elover grown on aelA 
Carrlngton silt loasi. Experiment 2, 
lo. *t 
f rw«ipit®» yielH of «ii««t eiov®r 
•i ifl iner pot* (oven-dry b^gis) 
t t s _ 4bsolyt# 1 Rel»tiv# 
sna. f 
1 toheek t 5.16 : 3.72 ! 100 
t •jl/2Ca90^ t 4.87 3.27 t 88 
3 iCaSO^ s 4.78 3.49 1 94 
% a/2CaC0# f 6.16 4.14 t 111 
5 :0aCO# • « 7.34 4.19 1 113 
6 il/2CAC0#-».l/2Ca'90- s 5>.94 4.59 s 125 
7 5P t 5.55 7.62 t 205 
8- jl/SCaSO^+'P t 4.88 6.95 f 137 
f tCaSO^^-P 
10 :l/20?iCO,4.F 
1 4.82 7.62 s 205 
s 6.27 7.75 t 208 
11 tCaCOa+P I- 6.98 7.51 J 202 
It :l/2CaC08-i-l/2Cft504*f s 5.77 7.95 s 214 
13 tl/»«CO« . * « 6.23 4.32 t 116 
14 s .. P • 5.34 7»81 1 210 
15 iCaSO*®#? # 4.37 7.93 1 213 
i§ tm • 5.11 3.03 t 81 
1? :Min.e»i@0g » # 6.37 4.19 1 113 
L .S .D. = 
*'Smsie tr#«tn©iit = XOO lb#, K®0 «.iiA 100 lljs, F^O® per aere. 
p ss 1000 lbs, fsOe per mrm m O^SO  ^ stud C;*»,C0®-
10 C«»/100 gffiB. of gsoll; MgCOa = ®.e. Mg/100 gms, 
of soil; In = 50 lb«, Mn n.s eWLorid# p®r «e-re, 
®P folded as iBono-calcluiB phosptete, 
®C<«8inereial gypsu®, 
of 4 repliention®. 
iiarboiiat« waa be»«fietal witto ttoe low phm» 
pmmm %r®ftt»©iit« 'b*it «o ®ff®o-t «*« ote%a4»#i, witfa tht m«li 
level, %pli#«tioii. of »agi}®#i* @«r¥oins.t# -CTreiit-. 
ffieet 13) mi also glisMl^ 
results from t.ie on tliX« soil 
iTmhlm m) tte «««« tread# «« thoa« fr^ «w#©t 
elover mmpmrlmmt, ttl @al«l» tr#at»e*it« tte 
fte of varl0w« mil 
m fiiiM of letpedessa fi»©iiit m m «©id 
fil't loaaa, 't. 
' I , • f' • ''%irepagj^^ 
i pM $ . p©r pot^ .immn-^rr M»l«) 
t 1 t i mimtivrn ' 
I : * «: 4,92 4 2.56 r. 74 
i : PK « 5*12 « 3.47 1 im 
3 :P£>l/4CaS04 * .« 4*85 • 3.12 1 90 
4 :PK-t.l/2CaS0^ « • 4.77 • «' 2.75 f •79 
S :P|[-»>3/4CsS0* # 4.70 « • 2.84 5 82 
6 :PK+.CaSO^ • • 4,68 * 2,69 • 78 
? :PK+Mi} «' • 5.09 s 3.05 1 88 
8 sPI+Mu-fCaCO# « • 6.48 £ 3.54 1 102 
t •PK4.C«C0« # # 6.30 f « 3.57 I 103 
10 # • 5.30 : 5,28 
. t 152 
11 sPj,eK-f>Os^  ^ # «' 4.68 s 4.79 5 138 
It jP 1 gK-f G^iCOji « 6.45 4.68 1 135 
•13 # 5.10 • 4,96 f 143 
L.8.I)» = 20 
*•? w 100 lbs, PgOe P®y K « 100 ths* I»0 pw «®f*e| 
and CnCOa - 10 ro.e* Ca/lOO ioll. to « 5© lls«. 
a«ngar!e«€ ag roang'sTiege chloride pmT «#yt, 
-Average of 3 r€=plie*»tionB, 
fi©!# of l#ipe€«^ji», tto® «all«r ^pli«»tl@ii-a ifr««t»#ist s) .appar-
mm%lf mtm as mrntrnl mt ;tte mrnirnv itrmt-
mentm 4 mA 6),. fal«ii«^ eaFte®ni.%«' «ppli.#ati.@i}« i.M »©| .affeet 
t&i f 1#M @f l#^«««;ta ml%mu$h tite flsat.g i«e«ii¥i«g «al®l«ffi 
wmm %m only mm aii not «fcow ttos hr^m tpot-
tlRg, of is tto® fly«t 
«xp«rts«nt* 'iiSW appli®ailo«« th& yieia of 
1#^««#» t© » a.*rk«« «xt#st tet tpottlng m %m plm^m rmemlwtns 
lUgh tlii of f12, *«« i8#y® 
••©WW ttei» m- th.m mrmwpm&lmB %met> t'Wla#®*®, 1© 
wmvm tia« 
flii mwmlts tmm h0%h rns^ermmtrn mMm tte* %M teeii«-
fltlsl,. ^ftmt #f eal.®i« mAT'b0mm%m wm €w %q tii® 
«-ia?fc«€ Sn %m- ««t®rws#luM« awga®##®' mmmm% ®f 
#©11.,, mwA m mrnrnmrn » ©r -ffiTOsmieii® 
^ ita® plasl* l,kkmw%wm^_ f.tot ^ ®f 
wa# «tt« %•& %m %m tfae 
hlm #f tM «®-41 s«« aii®wi®.* 
tati©« «f a«s«a««# abfflorptio® 1^ %&t in* 
fltfM* ©f sweet elwer:'Wa- obtftiB«a frmt 
mppllmtlmm - # r  « © »  « » #  ' 1 0  t M #  r t t t t i o i s a i  
m^plXeA, r^tlmw ften. to mf -©r ».aag:«-
»««« 
tiBS. relativ# &ttm%8 of e^X^tya ©aybemat# amd ml&im 
mn ''iM'''g^wW^mS^mmrimm 'mn%mni'' Qt'''' ' 
tmm ft«l# im pM vala®# fmm #.TS %& 5..6i,, 
mm wii«t i® tills 'lytiipei.®!* •si»o*8, -©u mix t«« 
mm «««% slQ'ver m ti&^0 csf t.li© S©ilg. m%%h im rnrn^mrnm 
iteotte 6oils mmA the mmtA) t 
»,«, 0f -pm IQO- ©r •##11 ifW.1® ftll ##lls 
twice aw usueh ««,lcluiB, Tl» mfteet 9t Imi^© ippll@«tl0ii.8 
®f o»' tte «f sw#t #3Lw«r a«A l#-gp«#®ia w-as 
als# « %*# #f tto© !i:®ll.m» 
fmhlm 21. fli» effects of and m gmw%k 
and cheajical ooBjposltloti of eloper, 
mil re&etion, and water-aolubl# «@ll aftngas«i« 
I t Xi#ia* fW»ter» t «, f imst i iov®ii«>dRr 
»©iit^ I8©lufel#t f t t oi«i#"" jBeiaiiv® 





Soli - O-osport silt elay losai 
Q.€ .TTPf'": s ^.4'8"T*ll25~i 0,91 
9.8 ; 4.T6 ; 724 s 3.02 t 0.30 : 0,64 
mmm i ,5.73 i ?1 s 2.92 s 0^29 i 1.27 
100 
J 
check 1 nom V • J o»56 1 0,72 1 100 
G««>4 f 3»3 : 5.04 « . # 600^ s 4.32 J 0.34 t 0.53 t 74 
CaCOa 1 none : 6.22 • « 83 ; 4»02 : 0.39 I 0.72 1 100 
W t rsore t 5.42 • « 223. s 3.47 J 1.07 * •m 1.29 t 179 
2.5 t 5,05 # 427"*" s 3.71 : 0. 84 1 1.04 t 144 
p.».C«.C0ai ronf? : 6.32 t 93 s 3.59 : 0.80 f 1^.50 s 208 
Soli - Fay©tte silt loaS! 
ebsek t nors© ji.iTOy iiiiiiiMgiipi'iMi. ? 5.55 f fW^ t : O.fo : 1.99 1 100 
1 0»g s 5.30 : 152 : 2.46 : 0.;^ *, 2.18 • 110 
C'^COa s nmm 1 6.58 « * 51 : 2.70 I 0,30 t 2.29 1 115 
^'fsSO^ and CaCO^ - 4 m,e, €a/100 »#il4. 
f « 1000 lbs, P«0# per ?^.cre, 
®Expr««0©d OB soil feaaifi, 1|2 s@ll»*ai#r extraet* 
of 3 replications. 
Marked mangarseee toxicity ^:»pt«g of foliage^ 
yi«Ms «f}d mS. mloivtm e'oatMtg of .. elwer 
«©ii #oil« mm gi*«B l« fmb|« fl, eal#iy» ml" 
fat© (i«®»ssea tl» fitli 9f t»#et nlmmr m ti» ciD'i®»ot«t «»<! 
miMr «©il» b«t ted no m. ttoe Fayett# ##ll* ii»#et «lo-
v®r Wfi* »1«0 plwt©i^ -on tto C#«H »Qil hm pl«rst8 not 
«:alet* mwmmmtrn g»w #© p©#rly ttet «© yi«lt -i^eeori# 
m> mmmljmm wf# ant®, laagai3#«« toxieitf imm eiri» 
i«ot m the plsiii# gF®i» m 'Seipdr*, ^ller ant Oeeil 
•mll» a» %m Fig, it.. »hif« ibtTO 9y»|jt«« a 
Ikigli mmj^ememm #©at«»t was foa-ni i» pS.a®%« an€ in t&t n^il 
faiciu® ,@arte©»«t« mm l5«B®fi«i«l m 
%m #®»p#r% «©il teat «© wigpifieaat increatea fr» #aieii»». ear-
mem obtained m W«iler -or Fsf«tt# «#il»» 
•fht liigM tr®ftt»©pt ©». the W«3.i®F soil reaiiitei 
i®. gr««tiy ©lovep, f 
@f tte pl«wt« with msl. f.M-spi»i'y» om tlii® «oii 
w«« raaTOally Mg%, rnmem&lm P®** «««* s® -e^ileitM 
*«« is tto# «@b-
of t.lit plast# 0r #f tt» «oil we.!*© 'is-rQught 
^ th.® ia-fg# iiptii^mtioii ®f 
lata fwm thm -fa^erieeiit mm- glfeii in fafel© 22, 
%pli#sti©ii# @f taieiM yi«M« of ©« 
six ©f til® %m #©il» iiiiel.«a®i- io |.ta» Im ti© eat«« 
mmm^ yi«3.t« @f iii«r«A«©d •ifBifi«i.Rtly i^' ©aielOTf 
:%pii«»t,i®ii'« .®f taleiw @arli©»sf# fe«ii#fl®likl. cm-
tto ftesf««B a»a 0#«il «©11«, tte tw# «©iis ©» whiifli tl» plant* 
«&<»©« «»»gmR©«® f ©Eieiti: ana ana# .grfurth with-, 
©lit ©ai-eiiai ii«:r^itat« mAltlmw-, ©»• %!»• ©ther #eil«g.. whi-e% 
#«wtmi»ifi w.i.Atiir.eiy Imvgm »©»»%.»• @f «K#fcwnseatele .e-aieina,^ t-to® 
«ftlei« %vem%mm% wm in«ff«e%ife aisa in two ©a«#.s 
CWi»s and Tmm) i»«itt«ea y%eM-m nignifieamtly, f.lae «rf#etg ©f 
fmM® SS* df ©aiO^. ant f«.0Oa ®» gfQwtb 
aM &l»«4©al ©cfflp@«ition of 3.#^ea#sa, «otl 
r®»etl©®, i»iit«F-iolubl® «®S.l 
""HOT : " '"Mil" 
t 
'f imal 













Boil « Cecil aandy lo«* 
Trrsrr^rrtm^ -
s 4.97 I 697^: 1.89 i -










^ I 4,85 I 





Closport eilt clay l©«a C#ttl: 
892 : 1.38 ! - t 
82 ; 1.66 : * t 
0.55 
1.05 
check t 2»6 
CaSO^ tlO.6 
MgCOa ! SOU# 
CaCOa f n&inB 
©teiicfe. • 0.,6 
§mm^ 1 9.8 
CsCO# I SQ«« 
eliiek j 0«# 
CuSO^ t 9..'i 
CaCO# I »©»« 
Soil • ^^unsan ®mBdl 
TTr?ffT'"iSS®*T"^CS5 t 0.28 i 
J 4.. 50 I 32^^ I 1.52 t 0.20 f 
t %m I 359 : 0.49 : 0.35 f 
f 5»75 i 190 s 1.40 : 0,37 i 
gj#ll » gQttpai't iiilli clay loag 
t 4.9t I W^lt 1.43 ! 0.32's. 
t 4.76 i 1049"^ I 1.85 i 0.30 i 
s 5.73 I 115 s 1.70 J 0.29 s 
S#il • S#soort silt clay loam 
r4:m r 
s 4.7i s 109r: 2.36 t 0.37 : 
























Boil ,.» "tfeller silt loffl» 
etoeclc I mimm 
mm.^ t 3,3 
t Ro»« 





















1,91 f 0.31 
1.77 f 0.35 
s 0.3S 
J 0.36 
0.57 * « 100 
0.,55 5 96 
0.47 1 S2 
1.20 •f til 
1.21 t git 
1«25 s ms 
41 m •fli mmm 
fc'cil soils, 4 ®,«. f«/100 ®es., on ©ti»®r s^ila,, f « 1000 lfe«, 
per acre. Significant increase or decrease. 
.iiE3^reB@«d ©n ®®ii b^sie, lit ioil-ifa%®r |A?r'«rag# of 3 .replic^tiong. 
•*arfc«i aaeg8R««© toxicity ^rnptm* @f f-oli'Ag®.. 
•*76* • 
S©11 
.1 I t 
t t t 
pi t Mn Cs „, s_. f i te® L 
.t(o-yfii3»Ay5r 1sft#ia^ 





cftcog ! non# 









+ • t 4.58 j 56"^ s 1.58 
i 5.95 t 141.: 1,25 
t 5.62 s 1646^: 0,58 
f 4.55 t 1773*3 2.,05 
f 6.17 t 286 t 1.69 
_ loaib (oa.v 













il^ll - C^trrlngton silt loaa Cl5 
eteek ! 0.8 r¥7frT~^^rTP5i"rxwT" 0.731 
ea«34 : f 10*3 i 438 i 760* t 1.72 t 0,27 i -"0^5 t 
cacoa ! none s 5.51 ; 82 : 1.70 • 0,23 f 0#5f t 
ebeek , t 0.2 
CiiS04 I l.*6 
CaGO# , I pOB© 
t none 
;fa.S0^ .1 0,2 
0a0o» t none 
eteek 3 nofi® 
ea^4 . t ©©R® 
cacos t none 
©li©#k f 0,4 
caso^ i 1.0 
g»go«t s none 
S©il - eayylngtofj «llt lows Cf) 
I l.,36 f 
: 4,78 i 3s2 j 2.03 : 0.34 ; 1.11 i 
j 5*74, i 55, s ui^2 t 0.28 i 1.10 .s 
S®il • F®y«tt® silt loa® 
s'5.55 s 159~1.7t t '^,.33 t 
i 5.30 : 201 : 1,66 : 0,35 t 
t 6,58 : 60 t 1.68 s 0,36 f 
stil * fmn. allt' lo« 
TOfl STTXn^i 0.18 ! 
: 5.22 f 74 : 1,28 : 0.17 t 
: 6.22 s 30 : 1.30 s 0.17 t 
Soil - Itini^ silt loa© 
t"3.m I m t'TM i o.M I 
i 4.71 I 267 : 1,86 : 0,26 : 












0,78 I 100 
0.87 I lit 












^n.-l Cecil soils, 4 SB.e. Ca/100 grfis, on other soili«. ? s 1000 ib»« 
f gOg per ?sore. Significant increase or decrease, 
@» «oil if2 extmnst, 
.of 3 r«piiefttlos«, 
»TOg«i3®B« toxicity foli«g@. 
«f9-
ioeporSsl 
clay Ita® OaOOg 
w»Utr 1# Ck. £» 0asO4 a# CaCOg 
silt losai 4. P §, t-»-C®104 6# P+e»COg 
Cecil i.l, ClE* CttS04 GaCC^. F+C«S04 
fig» IE* Ift-ngants® toxicity eyaptoms of gwtet clover# 
-mA m tlis® o»f l®*-
m »0ii8 «y# m^m i» Fl.s»* 
fJi® tm mmlmim tlw ptm%:S'&cmwm ©b tiae na* 
sua. C«#i,i soli# ttet mlmtwBi €#f 1-
©4#«i@gr w*# m p«##ib3.# llaitteg fiwstor' ©w A« 
i?arfe«Ei*%e *»« ®« le««fi©lal t#- pl«i3t growth @0 the 
Tlwiw*ii tami «g t»rfe®s«t« it b® pr«Mi.<^ %1m% 
« ©f totml »tiier tlwR- ©«l.©iw aI®R#,, «©«« 
triliiitei t@ tte«' 'pmw gf»©wfe.& ©f plant# ®« ttel® 
, tJht ealtlas ernittut @f 
•f'lii' flmmtf. gr#TO «ij tfei atid 0#@3.3. «©il« 
%hmm wm9 * €©#iNia,«« ift grewtM, lrtH#atte:g n^lwtei© waiigii-
m0m *«« %h# pTlmmtf fmtm r«'^oii#ltele f^r p#oi» plmiit gr^irlfe. 
T»@ e3^e:rla«»t« »®y© -©at m tim Q&mport »©11. %® 
if ©saitt^ioij.® aigftrti mttmt piftnt rif-8p©»»s 
%M ^Mtemnt tr©at®«ist«» fft® first «rep w!t« gr©wn a^riiig, 
wii Arngmiit ani «««©fid #arlas •S«pt®afe«i» a«€ Oe%©fe#r, 
f-to .eftltiaa waif at® •a®#!?®!!#®# tte yi«M ©f l®.«p®a«sii 
its ®ii^©i»ia#a%» l©tte #%i*aiot 
iii aot -mwm jgrom m %M.» mil mi w^m iisjuy«a' t© tbm 
9mm ly tl>t . «ttlfat® twatii®!}^,. 
fte ieef*®a«© %m yi®M wl%M eml&lm mr'bmmtm m 
«w®yal ©f tte «©tJL« *«« l,to©«g^ to- fe® d«i® t# loa® distafteaiie® 
.79. 
Ceell eendy loam fll» 0* 
Ck• CaS04 OaCOg 
Sosport eilty cley loam 
Ck:. CaS04 MfCOg CtCOg 
Tburman is-Bfl 
fig. IS. Growth of l®e'ne«3©za on C«eil, Oo&port, and 
fhtonuen solle. 
-80. 
Ok, O©S04 CaCOg 
T^a illt loe» 
I 
Ok. Q&BO4 CaCOs 
OarrtngtoR ®llt iQaa ID 
Ck • C®.S04 CuOOg 
Oarrington ellt loam (S) 
fig, 14. Growth of l®8.p«aeiBs an Isaa &aa Qmrrington 
Ck« CSSO4 CaOOg 
Ediaa 8ilt loam 
Ci£» C®s04 C«0Og 
fayttt# eilt losm 
0k# CaSOA CaOOs Ga304 SaCOg 
Stroln. 16 Strain 139 
Goeport ellty clay loem 
fig. 15» Srowth of leepeieiie on ,R«?iBa, and 
©otport goHe» 
«»3£» 
t p#e®s04 p+cscojt CaS04 GftCOg 
filler eilt loam 
Ck. eaS04 CtCOg f P+C»S04 IHOaCOj^ 
Ceoil eanay loan (Gb.#) 
Cecil sanfly loam (Ga.) 
Fig. 16# Growth end nien^jsneee toxicity eymptomB of leepedeza 
on W®ll©r end Ceoil solle. 
%m. f,te#.»pto9PQS «R4 t» tM fiimt 
#f tta# pliHits i44 ii#t iMpt'dfl 
mi^Xm m&m m m%l9fme%my smmm &t 
emleiM «« irm %mM a«aallf mmm 
ml^iws %mm fla»%.« irm «ith«^r %m mlmim mwhmmtB 
mtfmmt mf ©aleti® 
m f m« %M iistiptatti »«»g«is«s« mn» 
I.W sli #».#•# rnmre ylmM #r wm» 
flawt msi' ssiiga©### 
@f tlie »©li m« * ««ipari«« ©f ttoe 
%©3Cl@lty @f ^ itttltur© 
#o»tal«|,i»g m t#:Xi.e ##iie®»*rfttioii of aafigas®*# itiid t©xl#i;%y 
@r i«'iip«4«ia spmrnm. mm mltm%m 'ls»®a%®a «oiI» 
at»®- 9mm in fig. 1?« 
•Cfelf !,#» @0i5e««tra%l©»« ®f mawgaini## w®p®' 
tma^ ifi "fetai «at«r ©f fht^ «0d C®eil 
im^) #0ii« 't-lt.. mmmgmmm ^m%m% of tim p'l,a«t« gr&m 
m %hBm •©$!« w«0 Wgte «®i ii®'3P«-
ftat Mgls @f i« tto« wntreatet 
€t®eil misa ttaa«-«a «9tl imM« 13) wlf 
•^rmtU w«« «© f#®r «« toxicity mm ^mwmrm 
m %im«m mmmmtrm%tm» • «r f ©asS:^ in %to« «!#• 
p3l»#«« g®li mm mmmk ttg&e-r fteu tmwrn ®x-
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ImvBe m tbe W«ll«r aeil we^ 
•8»lt«t IB iiai!»i£«4. Sjitr^ati®# iis jieW##, «a« t@ %lm 8^-
mmmrnt •taiiap w#r® 
©fetaluM ©a %m e«#ll Cfa») «®Si -©wapt %im% the M.gfe 
i» o<^toiBati« with @ii,l.©i« swifat* «id 
telf^l^.:..iiiMg«fi#«e 0f thsi piarati m& ©3E%.i^ffi« t@3El-©4ty 
•«y®p%«t» Cms# iS) ii3ti#iit«. %'M% »«§««««« %m%et%y m» .r®'8p^-
©#• l.««p®A«sa i® ibl» @a««, 
fr®® this 40»@b@i«t®, tUM# ©f tfc® 
ejEp«irl««at#, fii3.si» @sFl3-«wist® iia» 0®!^ 
#15 soil# wM@ti. ©etstaiiieA e©n<i®«tr«tisi«« «©lwtel® m&m* 
Gmlislm ««lfat« wmm »&%• "ben^fitial #n aisy »©ii «®a wai 
aet,ri»€®»itl m m%.ls higte. ©f »ang«ii©»« 
*#» let® aeimtioB, TSm te«re*-«®i p©««iltiiig 















*4 H O 





t I *(* 
. ® 
S i® # %# 
I  g  
S- -»* 














s 13 @ 











































1 ;  i  
»« «> 4»' 



























I  ^  
?  I  ,  
„ ^ •B 
S B * *  
I  I  te f 
•  I  ts% 


































































































I  5  




















t  t  I  
t 
# 





g § 5. *4 
*• *3 




















I $ «  ^
# 1^ 
- ! 
^  I  «4 !« 
i l  
<p <HI' 
c o 
e? 62 & Q> S HI «-J 0 4J rH iH 


























































































































































m tegfa «©«i!iti' ®f wat#r-«olwfel« 
hmm0t%0$M, «fr«©t ««# i«a«^ 4» pari, 
t# tm ®f -sqIuiM# goil. ,%pIi©«%loR 
©f #al#iMa t© «ii «#i3L.» •«»# a®trla«Btal' &«$aa«# ®f fhe 
«©labi« i.a ttat- «#ai feroagM atosiit % 
mtMr t'iw %• » t# #^|5ly SB foiw 
#f Calciui®^ sttlfftt#. tie t@tl mMl%f iw all 
mm9m t'te eaieittw ®f piaat# ealeiM-
fat# iW'i^ Mg^F S» «@«t i»«%awe«« %ii&»© ,*«e-c«i¥liis ©«l« 
#S«8 csarbonate., *® •mv-iMmm *#•« f©w»i" Mgh 
@f ttafig««®«€ depye*##! mlQtm m r«-p©rt©i % Frt«i 
ani ill). 
1Fi» #f m nell if not 
%& #*%«»% If te»i^ 
#£«« s.ollfs- m^smgmrnwm syap%«# #f pJ^ta wmm »mm mtmm 
mmm mmmte of pla©spljal® 'iwt# appli©a, l». ®f ti® 
©M«ifi«A frm %im i.r»-p«m»g»»es# s®i«4l€j» 
®^#FS»«at#, it appears tbat ttee^ iri«3?©a«^^ t@«ieitj ^igtefe 
t@ S#W:a»«t-. «vaiiaMlltf mt ir«-, rnltmr An %m pXmt or 
«@il @r a #oaM««ttsf} .©f %:&» t*#* 
to mlsMX'vm in-
fwtaiae# ®f soluble mm m. f»«t®r iiff«©tteg tu® 
@f "Various le^nwg •§» daltaf# »€ in aet<I s'oils, 
1* f©»©entration# frm 1 t# 1<5 p.p.a^ 
mwm %# t© the- flw 
t., ©i€«r #f l#gai«« atuording t# ttoir 
t# f«#s. sw®#l «l-<yreir, 
•••sffeeas# «iit asi 
3» leguines differtA greatly i» tta® -aasuRt.# ©f «mwga»®«t 
@f »®irag&e®a« uni, 
p«in«t#, mwd #I.QWP ttot !««»%* 
liasgais### #'@ii©«at»a%i#«® #f l#sir«e *#-3^ »ti®k Mgl»r 
ttoM t.l»#» 0f 
,S». tefifJiiies# fqrlo«» dif* 
r#rt«. ©^mmr anft mmBlmtrnd mt 
wmrglns mud 0f %mmt 
mmwe$mm «p« i^#t,t4iif i»f tte fale-gweu#^ lr»g^i» afNtaa 
tto© »aip v«ln« ©haraetertiei tl»®. toxicity ®f 
iwa tfe»' $0wp«fi toxicity »«r® m%mmtm pmrg^Xe*r^ 
«p@ti ti.strit>ut«€ over tb© enttx^ l«»f» 
6. Irm ^mptmrn &f ##f»«!»« w«r# ii#t ia#uti#al 
m%,%h a» ii»« elailaei ^ ©tn«y 
7. fm e%wmknm ©f %&mmm 
km tmlemmmm %© aawgitB### %©3dL®itr S.» ealtwi^ 
«%mlm «ta@wteg smw wlatnralgr f®oi»ey 
iiM«p a#it mil mm. bett«f tiMer a©re al-
Maliii# «0i.l 
8, -te IfiftrsM# in thie ©ftlelw «®tje:©fitr«^l©ro ©f tiie ®wl* 
%vm mlmtlm twm It 1© €0 or t© 500 im 
fe€ii«i»ig: smmgap### t©3ctet,% t@ l#.,fpii€®«ii.* wa«. s©a« ii5<ii..-. 
®att0«i ttet. ffimngatte## tmk^lty was laei*®a#«d «% Mgbe-r ©••aleiaa 
l®v#3L«, 
f, t@ ftiievistlwi- ®f asii^a##® toxicity w«« ©toti-iuM Igr In-
tit# 1b tm «nil$ttr© solution trm 2 t@ ^20' p»p.^m, 
.10^ m IwQmmme lis ttie mmmmmtwmtlm #f li»@ii In euitar® 
«-#liitl»g wp t® 1 p#f•». «#ultea, %m «a*rfeiii &f' tM toiE-
iislty fr«i a fliTiiK i5#S€«»triitloii ®f »iiisga«#«e, MiltlQij ir^. 
feey@ift % p.p.HI, i» ««©'j»a®«i grm^h r®gapai««» ®f fii» 
ffiftniarsege eoneentfstl^, 
il:, 'm%i:& ®f tM enltaw ita-s 
»®t a pfifflaiy factor la t.few! gt^wtfa &f ''O®©! wa* 
@Msi»«€ m«w m wmm wmm lTm»mmm-0mmm i?ati#8^ 
It. ^B«fi@lal. #f if©® 1» rediisliig »»©§«««© tojE-
l«lty WMM «tt# t# « €»©r®a«« lii mm^mew^ toy ttoe plaat 
mtTmr %mm «• 1© irm m'bmTptlm* 
Legu®«8 pmw m. #eia. «®11« ©Jt-» 
feifcitii toxlelt|f with tlioie •» 
#f ffisjsgsfe««.i«, ^ • 
1.4, f l«te exhibitliss tte »#«% mmm mm^mwwm 
®©»%aS«:e« tl» m&m^m ®f ,amssa»#:»«., Wmm 
mtmm- #r iei^edeea eontaiRed *<3© »aiigaii.@:«« m r®. 
is fieli.# froportional tt »«iig«,ii#s«, if«« #!>« 
talKffi, 
IS* f»» intristiois i,« wt#r-.«olttbl# 
•«il» i.i; ipelfttiti 10 the pM '11115 *»§«©»##• 
©f tttfe BOllS* 
li, ^plication# #f ©aXciuB Mn«fi«i»l %© 
plant grenitM ««i soils contatming MgM mmmtn @f m%#F 
»M« »«i^gartei«. This feeneflclal effect na# at l«ftit in 
fsirt.^. in poll fcroagM 
afeswl tte l«cr®a«e is p-'l» 
1?, ^plications #f ealciuffl twlfrnt# t# a«:l« «:®11« wif« 
Mmmm #f t-l»- #6lwW« im ttoe 
«#il •mitti n !»#»«« Is mm^mi$m ®©iit#«% ®f 
tisi fl«t bpo«sM si#a* twAtMRt mtmr tiiaii fail«r« t® 
Wplf- •»»• mvRilsbl® foj« ©f 
It* ialel«ffli »«lfat® i««i«#««e€ tlse #©11 mtdlty %m all 
mmm^ 
1%: mmty .^plieatioiis @r f®i?tillz®i't© a«l« «@ii». 
^ m tm i»t«'y*#©l«1al# »«««»««# Qt %tm- #oil». 
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